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ing  the  growth,  fermentation,  manufacture,  and  purification  of  indigo 
is  impossible. 

The  author  wishes  to  express  his  thanks  to  Mr.  R.  S.  Finlow  for  his 
valuable  assistance  in  the  experimental  work  of  this  paper. 

The  Dalsingh  Serai  Research  Station, 
Pemberandah,  Bengal. 


CIV. — Influence    of     Various    Sodium    Salts    on     the 

Solubility  of  Sparingly  Soluble  Acids. 

By  James  Charles  Philip. 

It  is  well  known  that  magnesium  hydroxide  is  markedly  more  soluble 
in  solutions  of  ammonium  chloride  than  in  pure  water,  and,  according 
to  a  current  explanation  (Loven,  Zeit.  anorg.  Chem.,  1896,  11,  404),  this 
is  due  to  the  combination  of  the  ammonium  and  hydroxyl  ions  Avhich  are 
brought  together.  The  smallness  of  the  dissociation  constant  of 
ammonium  hydroxide  involves  the  removal  of  a  considerable  quantity 
of  hydroxyl  ions  in  this  way,  and  the  quantity  so  removed  must  be 
made  good  by  the  solution  of  more  solid  magnesium  hydroxide.  If  it 
is  supposed  now  that  the  sparingly  soluble  base  magnesium  hydroxide 
is  replaced  by  a  sparingly  soluble  acid  and  the  chloride  of  a  weak  base 
is  replaced  by  the  sodium  salt  of  a  weak  acid,  then  the  principle 
involved  in  the  foregoing  interpretation  requires  a  marked  increase  in 
the  solubility  of  the  sparingly  soluble  acid  under  the  influence  of  the 
sodium  salt.  That  the  solubility  of  sparingly  soluble  acids  is  increased 
in  this  way  is  known,  but  only  a  few  quantitative  measurements  of  the 
actual  increase  have  been  made  (see  Noyes  and  Chappin,  Zeit.  pliysikaL 
Ckem.,  1898,  27,  442).  An  extension  of  the  available  experimental 
material  has  been  undertaken,  and  the  first  results  ai^e  recorded  in  the 
present  paper.  The  sparingly  soluble  acids  employed  in  the  investiga- 
tion were  cinnamic,  benzoic,  salicylic,  and  o-nitrobenzoic  acids,  and  in 
each  case  the  solubility  was  influenced  by  the  sodium  salts  of  other 
acids,  as  might  be  expected  by  analogy  from  the  behaviour  of  magnes- 
ium hydroxide  and  ammonium  salts.  Further,  the  experiments  show 
that  the  extent  to  which  the  solubility  of  a  sparingly  soluble  acid  HA 
is  increased  by  the  presence  of  the  salt  NaA'  is  intimately  related  to 
the  strength  of  the  acid  HA'  ;  the  weaker  the  acid  HA',  the  more 
marked  is  the  inciease  of  solubility  of  HA  produced  by  NaA'.  This 
is   a   result    that  is  deducible   from  the  general  laws  of  equilibrium 
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between  two  binary  electrolytes  without  a  common  ion,  as  shown  by 
Noyes  {Zeit.  2)hi/sikal.  Chem.,  1898,  27,  267)  and  tested  in  one  or  two 
special  cases  (Noyes  and  Chappin,  loc.  cit.). 

The  equilibrium  in  a  solution  which  is  saturated  with  the  sparingly 
soluble  acid  HA,  and  contains  also  a  certain  quantity  of  the  salt  Na A', 
is  very  complicated,  and  the  reduction  of  the  general  equilibrium  equa- 
tions to  a  form  in  which  they  may  be  brought  to  the  test  of  experiment 
is  not  easy.  For  the  purpose  of  this  investigation,  it  was  desirable  to 
obtain  a  formula  which,  without  being  necessarily  of  the  highest 
accuracy,  should  make  fairly  obvious  the  general  character  of  the 
influence  which  the  salt  NaA'  should  exert  on  the  solubility  of  the 
acid  HA.  With  the  aid  of  certain  simplifying  assumptions,  a  formula 
has  accordingly  been  deduced  which  makes  it  possible  to  predict  what 
in  the  main  will  be  the  variation  in  the  solubility  of  HA  with  increas- 
ing concentration  of  NaA',  and  also  how  this  variation  is  related  to 
the  strengths  of  the  acids  HA  and  HA'. 

The  equilibria  involved  may  be  represented  by  the  following 
equations  : 

HA::=^H-}-A.  HA' :;:^ H -t- A'. 

Na A'  z:l  Na  +  A'.  NaA  ^  Na  -f-  A. 

Suppose  now  that  Ig  is  the  solubility  of  the  acid  HA  in  pure  water, 
that  is,  the  total  concentration  of  HA  in  its  saturated  aqueous  solution, 
and  that  I  is  the  solubility  in  a  solution  which  contains  also  S  gram 
equivalents  of  NaA'  per  litre ;  suppose  also  that  Coha  and  Coa  are 
the  concenti-ations  of  the  undissociated  molecule  HA  and  the  ion  A 
in  the  pure  water  solution,  and  that  Cha>  C'a.  C'Naj  '^cc,  are  the  con- 
centi-ations  of  the  corresponding  molecules  or  ions  in  the  salt  solution, 
then  : 

^  -  C'ha  +  <^NaA  +   C'a. 
'o   =   voHA   +    Goh.- 

Since  the  solution  in  each  case  is  saturated  with  the  acid  HA, 
Cha  =  C'oHAj  and  therefore  the  increase  of  solubility 

l-lo  =  C'NaA  +  C^  -  Co^ (1). 

Of  the  three  quantities  on  the  right-hand  side  of  this  equation,  Ca  is 
by  far  the  largest,  provided  that  (1)  *S'  is  not  too  great,  (2)  HA  is  not 
too  strong  an  acid  or  too  soluble.  In  the  dilute  solutions  employed 
(O'Ol — O'OG  normal),  the  salts  NaA  and  NaA'  will  be  very  largely  dis- 
sociated, so  that  C^aA  is  small  in  comparison  with  C\,  and  it  is 
apparent  also  that  if  HA  is  neither  too  strong  nor  too  soluble,  Co&.  is 
a  small  quantity.  Further,  CijaA  and  Coa  neuti\alise  each  other,  partly 
at  least,  and  hence,  within  limits  to  be  considered  presently  in  greater 
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detail,  Cx  may  be  taken  as  a  measure  of  the  increase  in  solubility  of 
the  acid  HA, 

As  the  salt  solutions  are  dilute,  C'Na>  the  concentration  of  the  sodium 
ion,  may  be  put  equal  to  S,  and  a  little  calculation  shows  that  when 
Cxa  =  001,  0"02,  or  0"05  the  value  of  Ch  is  negligible  in  comparison, 
except  perhaps  in  the  case  of  o-nitrobenzoic  acid,  the  strongest  of  the 
four  acids  employed.     Hence  we  may  write  : 

Ca  +  C'a'  =  Cjj-a  =  S  =  Cbv  +  C'a-, 

and  therefore  C\  =  Cha'j  which  means  that  the  increase  in  the  solu- 
bility of  HA  is  to  be  estimated  in  the  first  instance  by  the  amount  of 
undissociated  HA'  formed.  If  K  and  K'  are  the  dissociation  constants 
of  HA  and  HA'  respectively,  and  Kp  is  the  solubility  product  for  the 
acid  HA,  then  Ch-Ca  =  K.Cnx  =  I^p 

and  Cu-Ca'  =  K'.Cn^'  =  K'.Ca- 
Dividing  the  first  of  these  equations  by  the  second,  we  obtain 


C. 


Oa'       K.Ca 

whence 

CI  =  ^XS-Ca) (2). 

Kp  and  K'  are  known,  hence  C'a  can  be  evaluated  for  any  given  value 
of  (S' ;  in  other  words,  the  increase  in  the  solubility  of  the  acid  HA  can 
be  approximately  predicted.  An  idea  of  the  error  involved  in  the 
assumptions  made  above  is  best  obtained  by  considering  one  or  two 
special  cases.  If  benzoic  acid  is  taken  as  the  sparingly  soluble  acid 
and  sodium  acetate  as  the  added  salt,  it  is  possible  to  estimate  the 
values  of  the  neglected  terms  CxaA  and  Cqa  iii  expression  (1). 
Suppose  that  a  0*02  normal  solution  of  sodium  acetate  is  taken, 
and  that  this  solution  is  saturated  with  benzoic  acid  at  25°.  A  satur- 
ated solution  of  benzoic  acid  in  pure  water  at  25°  is  0*028  normal 
(Hoffmann  and  Langbeck,  Zeit.  physical .  Cheni.,  1905,  51,  385),  and  the 
dissociation  constant  of  benzoic  acid  at  the  same  temperature  is 
000006,  whence  it  follows  that  Coa  =  0-00127;  the  value  of  Ca 
deduced  from  equation  (2)  is  about  0'017,  and  since  a  salt  of  the  type 
of  sodium  benzoate  is  dissociated  under  the  prevailing  conditions  to 
the  extent  of  about  90  per  cent.,  CuaA  is  of  the  order  O'OOl.  In  the 
expression  I  -  !„  =  CxaA  +  C'a  -  Coa»  as  applied  to  this  special 
case,  the  terms  CxaA  and  Coa  therefore  neutralise  each  other  to  a  large 
extent,  and  the  quantity  Ca  may  fairly  be  taken  as  a  measure  of  the 
increase  of  solubility  due  to  the  presence  of  the  sodium  salt.  Suppose 
that  the  sodium  acetate  solution  taken  is  0*05  normal  instead  of  0  02 
normal,  then  the  approximate  values  of  C'uaA)  Ga)  and  Coa  are  00035, 
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0-036,  and  0-00127  respectively.  The  term  Cnsa  is  again  partly 
neutralised  by  Coa>  ^^^  the  remainder  is  only  5 — 7  per  cent,  of  Ca- 
For  an  acid  then  of  about  the  strength  and  the  solubility  of  benzoic 
acid,  the  solubility  will  vary  with  the  concentration  of  sodium  acetate 
pretty  much  in  the  manner  required  by  equation  (2). 

If  another  salt  NaA'  is  used  instead  of  sodium  acetate,  such  that 
HA'  is  stronger  than  acetic  acid,  then  the  applicability  of  formula  (2) 
will  have  to  be  reconsidered.  Supposing,  for  example,  that  0-02 
normal  sodium  salicylate  is  employed  with  benzoic  acid,  then  the 
approximate  values  of  C^NaA?  C'a,  and  (7oa  are  respectively  0-0004, 
0-005,  and  0-00127.  Even  when  allowance  is  made  for  the  partial 
neutralisation  by  C'^aAj  Coa  is  in  this  case  large  enough  to  be  quite 
appreciable  in  comparison  with  Ca.  and  the  accuracy  of  the  formula  (2) 
is  correspondingly  less. 

Similar  computations  in  each  case  for  cinnamic  and  salicylic  acids  in 
presence  of  the  various  salts  show  that  formula  (2)  will  represent  with 
fair  accuracy  the  solubility  of  cinnamic  acid  in  the  more  dilute  salt 
solutions  and  the  solubility  of  salicylic  acid  in  the  more  concentrated 
solutions.  The  agreement  will  be  Jess  satisfactory  for  cinnamic  acid  in 
the  more  concentrated  solutions  and  for  salicylic  acid  in  the  more 
dilute  solutions.  Since,  however,  one  main  object  of  the  investigation 
has  been  to  demonstrate  the  general  relative  behaviour  of  the  various 
acids  under  the  influence  of  different  sodium  salts,  curves  have  been 
drawn,  deduced  directly  from  formula  (2),  showing  how  the  solubility 
of  benzoic,  cinnamic,  and  salicylic  acids  at  25°  may  be  expected  to  vary 
with  the  concenti-ation  of  the  sodium  salt  present.  It  is  instructive  to 
compare  these  curves  with  the  corresponding  curves  which  represent 
the  actual  experimental  results  at  26-4°,  but  the  comparison  will  be 
drawn  in  detail  at  a  later  stage  in  the  paper. 

It  seems  doubtful  whether  it  would  be  always  possible  to  calculate 
from  the  ionic  equilibria  alone  the  exact  influence  which  a  salt 
NaA'  exerts  on  the  solubility  of  a  sparingly  soluble  acid  HA,  for, 
as  Hoffmann  and  Langbeck  {loc.  cit.)  have  recently  shown,  the 
solubility  of  benzoic,  salicylic,  and  o-nitrobenzoic  acids  may  be 
affected  to  a  considerable  extent  by  the  presence  of  other  substances 
the  influence  of  which  is  entirely  or  mainly  physical  and  not  chemical. 
The  extent  of  this  physical  influence  is  shown  by  these  workers  to 
be  generally  in  harmony  with  Jahn's  views  on  the  mutual  relationships 
of  dissolved  substances  {Zeit.  plnjsikal.  Chem.,  1902,  41,  257). 

Experimental. 

The  acids  and  salts  used  in  this  investigation  were  obtained  mostly 
fi'om  Kahlbaum.     The  purity  of  the  [acids  is   characterised   by  their 
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solubility,  the  values  of  which  at  26*4°  have  been  found  to  be  as 
follows  :  cinnamic  acid,  0-0038 ;  benzoic  acid,  0-0289  ;  salicylic  acid, 
0-0171  ;  o-nitrobenzoic  acid,  0-0470.  These  numbers  are  the  concen- 
trations (in  gram-molecules  per  litre)  of  the  saturated  aqueous  solu- 
tions, and  the  last  three  are  in  harmony  with  recent  determinations  by 
Hoffmann  and  Langbeck  (Joe.  cit.).  Special  examination  of  the  pure 
salts  used  (sodium  formate,  acetate,  butyrate,  and  salicylate)  showed 
that  none  of  them  contained  more  than  the  merest  trace  of  acid  or 
alkali. 

The  determinations  of  solubility  were  made  at  the  temperature  of 
26  4°  ±0-1°,  and  the  method  employed  was  as  follows.  The  water  or 
salt  solution  to  be  used  as  solvent  was  put  into  a  small  flask  and  excess 
of  the  sparingly  soluble  acid  was  added.  The  contents  of  the  flask 
were  then  shaken  up  at  a  higher  temperature,  so  that  on  cooling  to 
26-4°  in  the  thermostat  the  acid  crystallised  out  in  a  state  of  fine 
division.  The  flask  was  then  corked,  immersed  up  to  the  neck  in  the 
water  of  the  thermostat,  and  shaken  at  frequent  intervals.  It  was 
found  that  equilibrium  was  established  between  the  solid  and  the  solu- 
tion after  the  lapse  of  about  3  hours.  After  5—6  hours  from  the 
start,  portions  of  eich  saturated  solution  were  sucked  up  in  a  pipette 
through  a  plug  of  cotton  wool  and  introduced  into  Jena  flasks.  The 
acid  present  in  each  solution  was  determined  by  titration  with  00351 
normal  sodium  hydroxide,  phenolphthalein  being  used  as  indicator. 
The  procedure  adopted  was  to  add  the  required  alkali  to  within 
0-05 — O'l  c.c.  and  to  boil  for  two  minutes ;  the  flask  was  then  cooled 
under  the  tap  and  alkali  (generally  1  drop)  was  added  until  the  solu- 
tion turned  pink.  The  alkali  was  standardised  in  the  same  way,  and 
in  each  case  control  titrations  were  made  in  which  a  slight  excess  of 
alkali  was  used,  and  the  solutions  consequently  were  pink  on  cooling. 
Experience  showed  that  when  the  alkali  first  added  was  within  one  or 
two  drops  of  the  quantity  required  for  complete  neutralisation,  the 
amount  of  volatile  organic  acid  lost  during  boiling  was  quite 
negligible. 

The  dilute  salt  solutions  used  as  solvents  were  obtained  by  the 
dilution  of  a  stronger  solution  (generally  about  seminormal).  The 
concentration  of  sodium  salt  in  this  stronger  solution  was  determined 
by  evaporating  a  measured  quantity  with  sulphuric  acid  in  a  platinum 
dish  and  igniting  finally  to  sodium  sulphate. 

The  results  of  the  investigation  are  incorporated  in  the  following 
four  tables.  The  solubility  is  given  in  each  case  as  Mol./lOO  per  litre 
of  saturated  solution,  and  the  concentration  of  the  sodium  salt  also  is 
given  as  Mol./lOO  per  litre. 
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Table  I. — Sodium  Butyrate  Solutions. 


Solubi 

lity  of 

Sodium 

butyrate 

concentration. 

Cinnamic 

Benzoic 

Salicylic 

o-Nitrobenzoic 

acid. 

acid. 

acid. 

acid. 

0-00 

0-38 

2-89 

1-71 

4-70 

1-03 

0-95 

375 

2-50 

5-38 

2-06 

_ 

4-59 

3-48 

614 

5-13 

2-06 

6-66 

6  43 

9-00 

Table  II. — Sodi 


Acetate  Solutions. 


Solubility  of 

Sodium 

acetate 

concentration. 

Cinnamic 

Benzoic 

Salicylic 

o-Nitrobenzoic 

acid. 

acid. 

acid. 

acid. 

0-00 

0-38 

2-89 

1-71 

4-70 

0-96 

0-92 

— 

— 

— 

0-99 



3-70 

— 

5-34 

1-00 

_ 

— 

2-47 

— 

1-92 

1-31 





— 

1-98 

4-46 

— 

6-14 

2  01 

— 

— 

3-38 

— 

4-80 

1-91 



— 

— 

4-93 

6-43 

— 

8-76 

5-02 

— 

— 

6-13 

Table  III. 

Sodium  Formate  Solutions. 


Table  IV. 

Sodium  Salicylate  Solutions. 


Sodium 

Solubility  of 

Sodium 
salicylate 
concen- 
tration. 

Solubility  of 

formate 
concen- 
tration. 

Cin- 
namic 
acid. 

Benzoic 
acid. 

Salicylic 
acid. 

o-Nitro- 
benzoic 1 
acid. 

^j^.       Benzoic 

o-Nitro- 
benzoic 
acid. 

0-00 
1-22 
2-44 
6-10 

0-38 
0-.^9 
0-73 
0-96 

2-89 
3-47 
3-86 
4-68 

1-71 
2-51 
3-39 
5-35 

4-70 
5-48 
6-43 
9-54 

0  00 
1-08 
2-16 
5-38 

0-38      '    2-89 
0-46          3-00 
0-51          3-13 
0-64      !    3-38 

4-70 
5-29 
613 

— 

SOLUBILITY    OF    SPARINGLY   SOLUBLE    ACIDS. 


993 


The  nature  of  the  results  is  rendered  clearer  by  the  graphical  repre- 
sentations of  the  following  figures  : 


Fig.  1. 

Soluhility  of  cinnamic  (C),  benzoic  (B),  and  salicylic  (S)  acids  in  various  salt  solutions. 
8 


12  3  4  5 

MoLjlOQ  sodium  salt  per  litre. 


In  Fig.  1  the  sokibilities  of  cinnamic,  benzoic,  and  salicylic  acids 
are  plotted  against  the  concentration  of  the  sodium  salt  present 
(acetate,  formate,  or  salicylate),  and  it  will  be  seen  that  the  order  of 
the  curves  for  each  sparingly  soluble  acid  is  the  order  of  strength  of 
the  acids  in  the  sodium  salts  added.  The  curves  for  o-nitrobenzoic 
acid  occupy  the  same  relative  positions  but  are  not  reproduced  in  the 
figure,  for  they  lie  so  close  together  that  it  would  be  diflicult  to  separate 
them.'  A  glance,  however,  at  the  numbers  in  the  fifth  columns  of 
Tables  I— III  and  the  fourth  column  of  Table  IV  will  show  that  the 
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solubility  of  o-nitrobenzoic  acid  is  influenced  to  nearly  the  same  extent 
by  each  of  the  four  sodium  salts  used.  Of  the  four  sparingly  soluble 
acids  employed,  o-nitrobenzoic  acid  is  the  strongest  {K=  0"00616  at  25°), 
and  this  appears  to  be  connected  with  the  very  slight  divergence  of  the 
curves  for  that  acid.  For,  as  may  be  seen  from  Fig.  1,  the  formate 
and  acetate  curves  run  much  closer  to  each  other  in  the  case  of  sali- 
cylic acid  (^=0'00102  at  25°)  than  they  do  in  the  case  of  benzoic 
acid  {^=0'00006  at  25°),  and  their  divergence  is  less,  initially  at 
least,  in  the  case  of  benzoic  acid  than  in  the  case  of  cinnamic  acid 
(^=0-0000355  at  25°).  The  curves  showing  the  influence  of  sodium 
butyrate  on  the  solubility  of  the  various  acids  are  not  reproduced  in 
Fig.  1,  for  they  lie  so  close  to  the  acetate  curves.  Butyric  acid 
(7t^=0000015)  is  only  slightly  weaker  than  acetic  acid  (^=0-000018), 
and  in  harmony  with  this  it  is  found  that  the  butyrate  curve  in  each 
case  lies  just  above  the  acetate  curve. 

An  interesting  point  illustrated  by  Fig.  1  is  the  difference  between 
benzoic  and  salicylic  acids  in  relation  to  the  influence  of  sodium  formate 
or  acetate.  In  pure  water,  salicylic  acid  is  considerably  less  soluble 
than  benzoic  acid,  but  in  sodium  formate  solutions  of  a  concentration 
greater  than  twenty-fifth  normal  it  is  the  more  soluble  ;  that  is,  the 
formate  curves  for  the  two  acids  approach  and  ultimately  intersect  each 
other.  It  is  further  obvious  from  Fig.  1  that  the  acetate  curves  also 
for  benzoic  and  salicylic  acids  approach  each  other  in  a  similar 
manner,  although  their  point  of  intersection  lies  at  a  higher  concen- 
tration of  sodium  acetate  than  any  employed  in  the  investigation. 
This  relative  behaviour  of  benzoic  and  salicylic  acids  is  involved  in 
expressions  (1)  and  (2),  discussed  in  the  earlier  part  of  the  paper,  as 
will  be  seen  by  a  reference  to  Fig.  2.  The  curves  represented  in 
this  figure,  which  are  valid  for  25°,  have  been  obtained  by  solving 
equation  (2)  for  different  values  of  S  (0  01,  0'02,  and  0-05),  and  then 
joining  up  the  points  so  determined.  The  general  similarity  between 
the  calculated  curves  of  Fig.  2  and  the  experimental  curves  of  Fig.  1 
is  appai-ent,  first  of  all,  in  regard  to  the  order  and  slope.  But  com- 
parison of  Figs.  1  and  2  shows  further  that  the  relative  positions  of 
the  formate  and  acetate  curves  for  benzoic  and  salicylic  acids  deduced 
from  the  experimental  work  are  very  closely  those  required  by  the 
formula.  That  the  increase  in  solubility  for  a  given  value  of  S  is 
greater  for  salicylic  acid  than  for  benzoic  acid  is  due  to  the  fact  that 
although  salic3dic  acid  is  the  less  soluble  it  is  the  stronger  acid,  and  as 
a  result  of  this  the  solubility  product  Kp,  which  enters  into  the  formula 
(2),  is  greater  for  salicylic  than  for  benzoic  acid.  The  deci-easing 
divergence  also  of  the  acetate  and  formate  curves  with  increasing 
strength  of  the  sparingly  soluble  acid,  which  was  a  feature  of  the 
curves  in  Fig.  1,  is  characteristic  of  Fig.  2  as  well.     This  divergence 
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was  found  to  be  a  minimum  in  the  case  of  o-nitrobenzoic  acid,  the 
strongest  acid  employed,  a  result  also  in  harmony  with  formula  (2), 
from  which  it  may  easily  be  shown  that  the  influence  of  sodium 
formate  on  the  solubility  of  o-nitrobenzoic  acid  is  very  nearly  as  great 
as  that  of  sodium  acetate. 

It  is  instructive  to  study  the  relative  effects  produced   on   the  solu- 
bility of  the  different  acids  by  a  given  sodium  salt.     This  is  best  done 

Fig.  2. 

Calculated  soluhillty  of  cinnamic  (C),  benzoic  (B),  and  salicylic  (S)  acids  in  varioits 
salt  solutions. 
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perhaps  by  setting  the  solubility  of  each  acid  in  water  equal  to 
unity,  and  then  calculating  in  each  case  the  ratio  of  the  solubilities  in 
salt  solution  and  in  water.  The  numbers  so  obtained  (deduced  there- 
fore directly  from  the  experimental  work)  may  then  be  plotted 
against  the  values  of  *S',  the  concentration  of  the  salt  solution.  This 
has  been  done  for  sodium  formate  in  Fig.  3,  and  for  sodium  acetate  in 
Fig.   4.     A  study  of   these  two   figures  will  show  that  the  order  of 
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the  acids  arranged  according  to  the  magnitude  of  the  initial  relative 
increase  of  solubility  is  the  same  for  both  salts.  Although  the  I'elative 
increase  is  greatest  for  the  weakest  acid  and  least  for  the  strongest 
acid,  yet  the  order  of  the  acids  as  exhibited  in  Figs.  3  and  4  is  not 

Fig.  3. 
Relative  increase  of  solubility  with  increasing  concentration  of  sodium  formate. 
3-25 


2-25 


1-25 


2  3  4  5 

Mol. /lOO  sodium  formate  per  litre. 


strictly  the  order  of  their  strengths,  in  that  benzoic  and  salicylic  acids 
have  exchanged  places,  for  reasons  already  considei'ed.  It  will  be 
observed  that  of  all  the  curves  in  Fig.  3  the  one  for  cinnamic  acid  is 
the  most  markedly  concave  to  the  horizontal  axis.  The  next  in  order 
of  concavity  is   the  benzoic  acid  curve,  followed  by  that  for  salicylic 
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acid,  while  the  curve  fox'  o-nitrobenzoic  acid  is  actually  convex. 
The  same  relationship  may  be  detected  among  the  Fig.  4  curves,  except 
that  there  the   salicylic  acid  curve   also  is  convex  to   the    horizontal 

axis. 

Fig.  4. 

Relative  increase  of  soluhility  icith  increasing  concentration  of  sodium  acetate. 
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Further  work  is  required  to  show  whether  the  relationsliips  described 
in  this  communication  are  modified  in  more  concentrated  salt  solutions, 
and  if  so,  wherein  the  modification  consists. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 
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CV. — The  Dielectric  Constants    of  Phenols   and    their 
Ethers  dissolved  in  Benzene  and  ra-Xylene. 

By  James  Charles  Philip  and  Dorothy  Haynes. 

It  was  shown  some  time  ago  by  one  of  the  authors  (Philip,  Zeit. 
physikal.  Chem.,  1897,  24,  18)  that  the  dielectric  constant  A;  of  a 
mixture  of  two  liquids  with  dielectric  constants  l\  and  k.2  could  be 
calculated  by  the  formula 

where  d,  d^,  d.-,  are  the  densities  of  the  mixture,  the  first  component, 
and  the  second  component  respectively,  and  j^-z  ^^  *^^  percentage  by 
weight  of  the  second  component.  The  agreement  between  the 
calculated  values  of  k  and  those  found  by  experiment  is  generally  good 
when  the  two  components  are  liquids  with  low  dielectric  constants, 
such  as  benzene,  ether,  or  carbon  disulphide.  When,  however,  a  liquid 
of  high  dielectric  constant  is  taken  as  one  of  the  components,  there 
are  often  considerable  deviations  between  the  calculated  and  the 
experimentally  determined  values  of  k^ — deviations  which  were  dis- 
cussed in  detail  in  the  earlier  paper.  When  benzene  is  taken  as  the 
first  component  and  an  alcohol  as  the  second  component,  and  the  value 
of  k.^  is  calculated  by  the  formula  from  the  observed  value  of  k  for  the 
mixture,  a  distinct  variation  with  concentration  may  be  detected.  The 
calculated  vtilues  of  k^  for  dilute  solutions  of  the  alcohol  in  benzene 
diminish  regularly  with  decreasing  concentration  of  the  alcohol,  until 
a  limit  is  apparently  reached  in  the  most  dilute  solutions  at  a  value 
very  much  less  than  the  dielectric  constant  of  the  pure  alcohol.  When 
benzene  is  taken  as  the  first  component  and  nitrobenzene  as  the  second 
component  instead  of  an  alcohol,  the  values  of  k^,  calculated  as  described 
above,  are  greater  than  the  values  of  the  dielectric  constant  of  the  pure 
nitrobenzene,  and  tend  to  increase  with  decreasing  concentration  of 
the  nitrobenzene  ;  there  is  therefore  a  marked  distinction  between  the 
variations  of  the  dielectric  property  with  concentration  in  the  two 
cases.  The  earlier  investigation  led  in  fact  to  the  view  that  the 
abnormally  high  values  of  the  dielectric  constants  of  the  alcohols  are 
connected  with  the  well-known  tendency  of  these  liquids  to  associate. 
Cryoscopic  work  has  shown  that  the  molecular  weight  of  an  alcohol 
in  benzene  is  normal  only  in  very  dilute  solution,  and  increases  rapidly 
with  increasing  concentration.  The  variation  of  the  dielectric  property 
of  an  alcohol  in  benzene  solution  appears  therefore  to  be  connected 
with  the  variation  of  its  molecular  weight. 
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Now  it  is  further  known  from  cryoscopic  work  that  some  phenols  tend 
to  associate  in  benzene  sohition,  exhibiting  also  a  gradual  increase  in 
the  molecular  weight  with  concentration,  although  the  extent  of  this 
increase  is  less  marked  than  in  the  case  of  the  aliphatic  alcohols.  It 
seemed  therefore  of  interest  to  discover  whether  the  dielectric  power  of 
the  phenol  molecules  in  benzene  solution  (1)  is  markedly  less  than  in 
the  pure  state,  and  (2)  increases  noticeably  with  the  concentration. 
The  experiments  necessary  for  the  testing  of  these  points  have  been 
carried  out,  and  the  results  are  recorded  in  the  present  paper.  The 
substances  used  were  phenol  itself,  o-cresol,  ?n-cresol,  and  ;j-cresol,  and 
the  results  obtained  are  in  general  parallel  to  those  previously  recorded 
for  the  alcohols ;  o-cresol,  however,  seems  to  behave  rather  differently, 
in  that  its  dielectric  power  is  practically  independent  of  the  concentra- 
tion. This  observation  may  perhaps  be  connected  with  the  fact, 
recorded  by  Auwers  {Zeit.  phi/sikal.  Chem.,  1899,  30,  325),  that  ortho- 
substituted  phenols  are  cryoscopically  normal  in  benzene  solution. 

Several   other  points  have  been  investigated  in  the  course  of  the 

work.     Thus  it  has  been  shown  that  the  increase    in    the    value    of 

Jk7-  1 
-^^— J —    with  concentration,  detected  for  phenol  in  benzene  solution,  is 

observed  also  when  7/i-xylene  is  used  as  solvent  instead  of  benzene. 
This  also  is  confirmatory  of  the  earlier  work,  which  showed  that  the 
calculated  values  of  the  dielectric  constants  of  the  alcohols  varied 
similarly  with  the  concentration  in  toluene  and  in  benzene  solution. 
The  dielectric  behaviour  of  the  phenols  has  further  been  contrasted 
with  that  of  their  methyl  ethers.  This  comparison  was  suggested  by 
the  relative  cryoscopic  behaviour  of  phenol  and  phenetole,  for  whilst 
the  molecular  weight  of  the  former  in  benzene  solution  is  abnormally 
large  and  increases  with  increasing  concentration,  that  of  the  latter 
substance  is  normal,  and,  up  to  15  or  20  per  cent.,  practically 
independent  of  the  concentration.  The  dielectric  behaviour  of 
anisole  in  benzene  or  TW-xylene  solution,  of  o-,  m-,  and  jo-tolyl  methyl 
ethers  in  benzene  solution,  as  will  be  seen  from  the  following  tables, 
is  normal ;  the  dielectric  constants  of  the  ethers,  as  calculated  by  the 
formula,  are  generally  rather  greater  than  the  experimentally  deter- 
mined dielectric  constants,  and  the  slight  variation  with  the 
concentration  is  in  the  opposite  direction  to  that  of  the  parent  phenol. 
The  comparison  of  the  dielectric  constants  of  the  pure  ethers  is  of 
interest,  for  it  appears  that  the  constant  for  anisole  is  lowered  by  the 
introduction  of  a  methyl  group  in  any  of  the  three  possible  positions, 
the  lowering  effect,  however,  of  the  methyl  group  being  much  more 
marked  in  the  ortho-position  than  in  either  the  nieta-  or  the  para- 
position.  This  will  be  seen  from  the  following  values,  which  are 
those  obtained  by  direct  measurement  at  20^ : 
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Anisole    4*39 

o-Tolyl  methyl  ethei' 357 

m-  „         „  „       4-08 

p-    „         „  „       403 

The  relative  effect  of  ortho-substitution  makes  itself  evident  also  in 
the  dielectric  constants  of  the  phenols  themselves.  The  values  given 
below  were  obtained  by  direct  measurement  at  40°,  and  are  to  be 
regarded  as  only  approximate  : 

Phenol  15 

o-Cresol  8 

m-  „  13 

p-   „  13 

The  value  of  the  dielectric  constant  of  the  o-cresol  is  markedly  less 
than  the  corresponding  values  for  the  meta-  and  para-derivatives. 
This  question  of  the  bearing  of  o-,  in-,  and  jo-substitution  on  the  value  of 
the  dielectric  constant  merits  further  investigation. 

It  will  be  observed  that  the  dielectric  constants  of  the  phenols  are 
much  higher  than  those  of  the  corresponding  ethers,  although  the 
diminution  in  the  value  which  accompanies  the  obliteration  of  the 
hydroxy-group  is  not  so  marked  as  in  the  case  of  the  fatty  alcohols 
and  their  ethers  ;  the  dielectric  constants  of  ethyl  alcohol  and  ethyl 
ether,  for  example,  are  265  and  4*37  respectively. 

EXI'ERIMENTAL. 

The  chemicals  employed  were  obtained  mostly  from  Kahlbaum,  the 
benzene  and  m-xylene  used  as  solvents  being  specially  dried  and 
fractionated.  The  dielectric  constants  were  determined  by  Nernst's 
method  and  the  form  of  the  apparatus  used  was  that  adopted  by 
Turner  (see  Nernst,  Zeit.  pUysikal.  Chem.,  1894,  14,  4 ;  Turner,  Zeit. 
physikcd.  Chem.,  1900,  35,  385).  The  temperature  for  which  the 
experimental  data  are  valid  is  20°  throughout. 

In  the  following  tables,  the  first  column  gives  the  percentage,  p.^,  of 
dissolved  substance  (phenol  or  ether),  the  second  gives  the  dielectric 
constant  of  the  mixture,  the  third  its  density,  and  the  fourth  the 

values  of  ^— | calculated  by  the  formula  : 

Vfci    ^    Ifx/^ioo  -   Vti(ioo-^.)l. 

In  each  case  at  least  two  distinct  determinations  of  the  dielectric 
constant  of  the  mixture  were  made,  and  the  value  given  in  the  table  is 
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the  mean  of  the  values  actually  found.  In  almost  every  case  the 
readings  on  the  condenser  corresponding  to  these  values  differed  by 
less  than  0'5  mm. 

For  benzene  at  20°,  the  dielectric  constant  was  taken  as  2-29  and 
the  density  as  0-8789  ;  for  vi-xj\ene  at  20°,  the  constants  used  were 
2-375  and  0-8599  respectively. 


Table  I. 


(a)  Phenol  in  Benzene. 


5-32 
13-55 
20-10 

28-58 


2-493 
2-871 
3  -252 
3-805 


d. 
0-8884 
0  9033 
0-9151 
0-9305 


d, 

calculated. 
1-80 
1-945 
2  055 
2-115 


(b)  Phenol  in  va-Xylene. 


Pi- 

5-59 

12-40 

26-28 


k. 
2-576 

2-890 
3-201 


d. 

0-8701 
0-8821 
0-8938 


calculated. 
1-794 
1-955 
1-995 


If  d^  is  taken  as  1-073  {Pinette,  Annalen,  1888,  243,  33)  and  the 
value  of  k^  calculated  in  each  of  the  above  seven  cases,  the  numbers 
obtained  are  8-73,  9-53,  10-27,  10-67  for  the  benzene  solutions,  and 
8-5G,  9-60,  9-87  for  the  ?M-xylene  solutions.  The  dielecti-ic  constant  of 
pure  super-cooled  phenol  would  probably  be  about  18,  and  the  fore- 
going numbers  show  clearly  how  much  the  dielectric  property  of  the 
phenol  molecules  is  affected  by  their  solution  in  benzene  and  wi-xylene. 


Table  II. 

(a) 

Anisole 

in  Benzene. 

(b) 

Anisole 

in  m-Xylene. 

Po. 

Ic. 

^   d^ 
d.       calculated. 

V-i- 

k. 

^/i:-i 
d., 

d.       calculated 

5-67 
13-90 
20-81 

2-401 
2-555 
2-671 

0-8847         1-256 
0-8932         1-200 
0-9017         1-157 

4-67 
11-09 
19-41 

2-466 
2-566 
2-696 

0-8653         1-268 
0-87-20         1-182 
0-8832         1-139 

0-8910 


1-128 


In  both  solvents,  the  value  of  ^  - 
d.-, 


falls  off  with  increasinor  con- 


centration of  the  anisole — exactly  the  oppo.-ite  behaviour  from  that 
exhibited  by   the  phenol.     Strictly   speaking,  one   should   expect   the 


value  of 


Jk,-l 


for  anisole  to  be  independent  of  the  concentration. 


and  this  is  approximately  the  case  for  medium  concentrations.  The 
experimental  error  is  very  much  magnified  in  the  most  dilute  solutions, 
and  it  is  probable  that  the  imperfections  of  the  formula  (see  Philip, 
loc.  cit.)  are  most  apparent  under  these  conditions.  It  is  interesting 
VOL.   LXXXVII.  3   X 
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Ik  -  1 
to  note  that  the  calculated  value  of  -^^ — ^ for  the  other  phenol  ethers 

varies    similarly  with  the    concentration,   as   will    be    seen   from  the 

following  tables.     In  these  cases,  the  highest  value  of    ^  ^~      is  ob- 

^2 

tained  fx'om  the  most  dilute  solutions. 

The  density  of  anisole  at  20°  is  0'9955,  and  using  this  number  the 

dielectric  constant  of   anisole  may  be  calculated  from  the  values  of 

^/^~-  1 
-!^— = for  the  various  solutions  :  the  numbers  so  obtained  are  4*95, 

4-83,  4-63,  4-64  for  the  benzene  solutions,  and  6-09,  4-71,  4-52,  4-49 
for  the  7?i-xylene  solutions,  these  values  approximating,  especially  in 
the  case  of  solutions  of  medium  concentration,  to  4*39,  the  directly 
determined  dielectric  constant  of  anisole  at  20'^. 

Table  III. — o-Cresol  in  Benzene. 


Pi- 

;.■. 

d. 

d^ 
calculated 

5-40 
10-01 
14-72 
23-73 

-2-441 
2-574 
2-701 
3-001 

0-8869 
0-8942 
0-9021 
0-9153 

1  519 
1-506 
1-464 
1-496 

Taking  d^  =  l-0i2  (Pinette,  loc.  cit.),  the  values  obtained  for  k.^  are 
6-67,  6-60,  6-38,  6-55. 

Table  IY. — o-Tolyl  Methyl  Ether  in  Benzene. 


5-52 

2-363 

0-8839 

1-024 

11-35 

2-441 

0-8891 

1  -016 

17-41 

2-495  - 

0-8950 

0-953 

25-37 

2-595 

0-9024 

0-952 

The  value  of  d^  at  20°  is  0-9798;  using  this  number,  the  values 
obtained  for  k,^  are  4-02,  3*98,  3-74,  3-73 ;  the  dielectric  constant  of 
o-tolyl  methyl  ether,  obtained  by  measurement,  is  3-57. 

Table  V. — m-Cresol  in  Benzene. 

4-55  2-444  0-8853  1-745 

13-60  2-796  0-8977  1-792 

19-62  3-090  0-9061  1873 

Taking  d.,=  1-035,  the  values  of  k.^  obtained  as  before  are  7-86,  8-17, 
8-63. 
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Table  Yl.—m-Tolyl  Methyl  Ether  in  Benzene. 

5-21 
10-73 
16-41 

23-48 

2-373  0-8834  1-123 
2-466  08881  1-125 
2-547  0-8934  1-092 
2-666                        0-8957                        l'-098 

The  value  of  d^ 

is  0-9722  and  the  values  of  k.  are  4-38,  4-; 

27  ;  the  dielectric  constant  of  7?i-tolyl  methyl  ether  i«  4  08. 

Table  VII.— p-Creso^  in  Benzene. 

5-49 
13-48 
16-08 
21-68 

2-495  0-8867  1-865 
2-814  0-8982  1-849 
2-936  0-9017  1-875 
3-231                        0-9093                        1-935 

Taking  c/o=l"034  (Pinette,  loc.  cit.),  the  values  obtained  for  k.^  are 
58,  8-48,  8-64,  9-00. 

Table  VIII. — ^-Tolyl  Methyl  Ether  in  Benzene. 


4-76 

2-357 

0-8828 

[1-065] 

11-29 

2-467 

0-8893 

1-097 

15-20 

2-523 

0-8919 

1-086 

19-87 

2-590 

0-8961 

1-069 

The  value  of  cL^  is  09707  ;  the  values  obtained  for  k.^  are  4-14,  4-27, 
4-22,  4-15  ;  the  dielectric  constant  of  ^;-tolyl  methyl  ether  is  4-03. 

A  comparison  of  Tables  III,  V,  and  VII  shows  that  of  the  three  iso- 
meric cresols  the  meta-compound  exhibits  most  clearly  that  variation  of 
dielectric  power  with  concentration  which  was  so  marked  a  character- 
istic of  phenol  itself,  both  in  benzene  and  wi-xylene  solution.     The 

values  of    "^  "^  ~      for  o-cresol  exhibit  a  slight  variation  with  concen- 

tration,  which,  however,  is  too  undefined  to  admit  of  any  certain  con- 

llc~-  1 
elusions  being  drawn.     The  values  of  -^-^ for  ^>cresol  exhibit,   on 

the   whole,   a  tendency  to  increase   with  the   concentration,   but   the 
increase  is  not  so  marked  as  in  the  case  of  the  w-cresol. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 
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CVI. — Racemisation  Phenomena  during  the  Hydrolysis 
of  Optically  Active  Menthyl  and  Bornyl  Esters  hy 
Alkali. 

By  Alexander  McKenzie  and  Herbert    Bryan  Thompson,   M.Sc, 
Priestley  Research  Scholar  in  the  University  of  Birmingham. 

In  the  course  of  work  previously  communicated  by  one  of  us  to  this 
Society  (Trans.,  1904,  85,  378),  the  fractional  hydrolysis  of  the 
partially  racemic  esters  formed  by  the  combination  of  r-mandelic  acid 
with  ^menthol  and  /-borneol  respectively  was  investigated.  r-Mandelic 
acid,  for  instance,  was  completely  esterified  by  ^borneol  by  the  hydro- 
gen chloride  method,  and  the  resulting  Z-bornyl  (Z^mandelate  (in 
admixture  with  ^-borneol)  was  submitted  to  fractional  hydrolysis  by 
being  heated  with  an  amount  of  alcoholic  potassium  hydroxide 
insufficient  for  its  complete  hydrolysis  ;  the  potassium  salt  prepared  in 
this  manner  yielded  a  Isevorotatory  acid.  Since  a  solution  of  Z-bornyl 
fZ^-mandelate  in  alcohol  may  be  regarded  as  containing  equal  amoiints 
of  ^bornyl  c^-mandelate  and  ^bornyl  Z-mandelate,  the  result  that  the 
initial  hydrolysis  by  alkali  yielded  a  Isevorotatory  acid  (a  mixture 
of  r-  and  ^acids)  can  be  accounted  for  by  the  experiments  of 
Marckwald  and  one  of  us  on  the  fractional  esterification  and 
hydrolysis  of  stereoisomerides  {Ber.,  1899,32,2130;  1900,33,208; 
1901,  34,  469).  The  velocity  of  formation  of  the  cZ-mandelate  differs 
from  that  of  the  Z-mandelate,  as  also  does  the  velocity  of  hydrolysis. 
The  product  which  remained  after  the  removal  of  the  solution  of 
potassium  salt  accordingly  consisted  of  unequal  amovints  of  d-  and 
testers  together  with  Mjorneol,  and  this  mixture,  when  heated  with  an 
excess  of  alkali,  formed  an  inactive  potassium  salt,  from  which  the 
inactive  acid  was  prepared.  The  acid  obtained  was  not  accordingly 
dextrorotatory,  as  might  have  been  expected. 

As  a  result  of  this  and  other  experiments,  it  was  concluded  (Joe. 
cit.)  that  racemisation  occurs  during  the  hydrolysis  by  alkali  of  the 
menthyl  and  bornyl  esters  of  d-  and  ^mandelic  acids  respectively. 
That  this  view  is  correct  was  recently  proved  in  connection  with 
attempts  to  realise  the  asymmetric  synthesis  of  mandelic  acid  (Trans., 
1904,  85,  1249),  when  the  action  of  alkali  on  ^menthyl  J-mandelate 
and  on  Z-menthyl  Z-mandelate  was  studied.  The  acid  obtained  on 
hydrolysing  either  of  these  esters  was  invariably  found  to  be 
either  totally  or  partially  racemised  according  to  the  experimental 
conditions. 

The  total  or  the  partial  racemisation  of  an  optically  active  com- 
pound   is    often    attributed  either  to   the    action  of    heat   on    it    or 
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to  its  production  by  a  vigorous  action.  It  is  certain  that  those 
factors  do  actually  in  many  cases  induce  racemisation,  and  the 
dynamical  interpretation  of  the  transformation  as  consisting  in  the 
direct  interchange  of  two  of  the  groups  attached  to  the  asymmetric 
carbon  atom  appears  to  be  sufficiently  simple  and  adequate.  The 
fact,  howevex',  that  such  a  large  number  of  active  compounds  can  be 
raised  to  elevated  temperatures  without  undergoing  any  optical 
inversion  suggests  that  many  cases  of  racemisation  which  are 
ascribed  to  the  action  of  heat  may,  oftener  than  not,  be  conditioned 
by  other  influences.  Indeed,  cases  are  known  of  active  compounds 
which  can  be  prepared  and  redistilled  at  elevated  temperatures 
without  diminishing  in  activity,  but  which  racemise  when  left  at 
the  ordinary  temperature.  This  phenomenon  of  autoracemisation,  first 
observed  by  Wallach  (Annalen,  1892,  270,  190)  with  c^-limonene 
monohydrochloride,  has  been  examined  in  some  detail  by  Walden  (Ber., 

1898,  31,  1416),  who  finds,  for  example,  that  ethyl  (Z-bromosuccinate, 
when  freshly  prepared,  has  [a]^  40-96'',  and  after  a  lapse  of  four  years 
at  the  ordinary  temperature  has  [a]D  +  9°,  whilst  (Z-phenylbromoacetic 
acid  under  similar  conditions  becomes  quite  inactive,  Walden  suggests 
that  such  results  may  have  been  caused  by  the  catalytic  action  of  a 
trace  of  halogen  hydride. 

The  racemising  effect  of  alkali  during  the  hydrolysis  of  optically 
active  esters  cannot  be  ascribed  either  to  the  influence  of  temperature 
or  of  vigorous  action,  and  we  considered  the  subject  to  be  of  sufficient 
novelty  to  wai'rant  its  further  study, 

Eacemisation  in  the  presence  of  alkali  has  been  observed  by  several 
investigators,  Schulze  and  Bosshard  {Zeit.  2>hysiol.  Chem.,  1886,  10, 
135)  found  that  active  leucine  retains  its  activity  when  heated  with 
water  at  170 — 180^,  but  loses  it  when  heated  at  150 — 160^  with  an 
aqueous  solution  of  barium  hydroxide.  Purdie  and  Williamson  (Trans., 
1896,  69,  818)  obtained  ethyl  i-a-ethoxypropionate  by  the  action  of 
sodium  ethoxide  on  ethyl  tZ-a-chloropropionate  at  the  ordinary  tem- 
perature. P,  F,  Frankland  and  Price  (Trans.,  1897,  71,  255)  found 
that  commercial  amyl  alcohol  is  only  partially  racemised  when  heated 
at  170°  in  a  sealed  tube  for  7  hours,  but  is  completely  racemised  when 
converted  into  sodium  amyloxide,  which  is  then  heated  for  3  hours  at 
206°  (compare  Borucki,  Inaug.  Diss.,  Berlin,  1886  ;  Walden,  Zeit. 
physikal.  Chem.,  1895,  17,  711),  Holleman  {Rec.  Trav.  chim.,  1898, 
17,  323)  was  the  first  to  observe  that  ^mandelic  acid  is  racemised  when 
heated  with  alkalis.  In  the  benzoylation  of  c?-glutaminic  acid  by 
benzoyl   chloride  and   sodium  hydrogen  carbonate,   E.   Fischer   {Ber., 

1899,  32,  2464)  notes  that  partial  racemisation  occurred  ;  when  Meucine 
is  benzoylated  by  the  same  method,  no  racemisation  occurs,  but  when 
sodium  hydroxide  is  substituted  for   sodium  hydrogen    carbonate,   a 
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mixture  of  benzoyl-r-leucine  and  benzoyl-Meucine  is  formed  (E.  Fischer, 
Ber.,  1900,  33,  2370).  Partial  racemisation  also  occurs  when 
c^a-amino-?i-hexoic  acid  is  benzoylated  by  sodium  hydrogen  carbonate 
and  benzoyl  chloride  (E.  Fischer  and  Hagenbach,  Ber.,  1901,  34, 
3764).  Finally,  J.  W.  Walker  (Trans.,  1903, 83,  472)  has  shown  that 
the  catalytic  racemisation  of  amygdalin  takes  place  when  the  gluco- 
side  is  heated  with  an  aqueous  solution  of  barium  hydroxide,  and  has 
proved  that  Liebig  and  Wohler's  amygdalinic  acid  is  racemoid  as 
i-egards  the  mandelic  asymmetric  carbon  atom,  whilst  Dakin  (Trans., 
1904,  85,  1512)  has  amplified  Walker's  results  by  isolating  isoamygda- 
lin  (i-mandeloniti'ile  tZ-maltoside). 

In  the  work  described  in  this  paper,  the  partially  racemic  esters 
formed  by  the  complete  esterification  of  a  number  of  externally  com- 
pensated acids  by  optically  active  alcohols  were  submitted  to  fractional 
hydrolysis  by  an  inactive  base,  with  the  expectation  that  abnormal 
results  would,  in  certain  cases,  be  obtained  in  consequence  of  the  race- 
mising  influence  of  alkali.  It  was  found  possible,  for  instance,  to  con- 
vert an  inactive  acid  into  a  mixture  of  i-  and  Z-acids  without  the 
evident  formation  of  the  corresponding  amount  of  the  (i-enantio- 
morph. 

When  ^-menthyl  (i^-phenylethoxyacetate  is  hydrolysed  by  an  amount 
of  alkali  requisite  for  the  hydrolysis  of  half  the  amount  of  ester 
used,  a  Isevorotatory  potassium  salt  is  produced.  The  product  which 
survived  the  attack  of  the  alkali  in  this  initial  hydrolysis  was  then 
hydrolysed  by  an  excess  of  alkali,  Avhen  a  Isevorotatory  potassium  salt 
was  again  obtained  and  not  a  dextrorotatory  one. 

The  interpretation  of  this  result  is  as  follows.  When  ^-phenyl- 
ethoxyacetic  acid  is  partially  esterified  by  being  heated  with  Z-menthol 
at  155°,  the  unesterified  acid  is  Isevorotatory,  from  which  it  is  inferred 
that  the  velocity  of  formation  of  ^menthyl  c?-phenylethoxyacetate  is 
greater  than  that  of  Z-menthyl  Z-phenylethoxyacetate  (Marckwald  and 
McKenzie,  Ber.,  1901,  34,  469).  Since  of  two  isomeric  esters  of  this 
type,  the  one  which  is  the  more  readily  formed  is,  as  a  rule,  the  more 
readily  hydrolysed,  it  is  likely  that  the  c?-ester  is  hydrolysed  more 
quickly  than  the  Z-ester.  If  the  initial  hydrolysis  of  the  cZ^ester  is 
considered,  where  a  mixture  of  equal  amounts  of  (Z-ester  and  Z-ester  is 
hydrolysed  by  an  amount  of  potassium  hydroxide  insufficient  for  the 
complete  hydrolysis,  the  cZ-ester  is  more  quickly  hydrolysed  than  the 
tester,  whilst  the  potassium  d-  and  ^  salts  formed  are,  of  course,  race- 
mised  at  the  same  rate,  since  they  are  mirror  images  of  one  another. 
If  it  were  the  case  that  the  alkali  present  exercised  no  racemising 
effect,  the  potassium  salt  formed  in  the  earlier  stages  of  the  initial 
hydrolysis  would  accordingly  be  a  mixture  of  d-  and  ^-salts  containing 
an  excess  of  the  former  ;  the  excess  of  hydroxyl  ions  at  this  stage  is 
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SO  great,  however,  as  to  render  the  mixture  of  potassium  salts  inactive 
or  nearly  so.  As  the  initial  hydrolysis  proceeds,  the  concentration  of 
hydroxyl  ions  diminishes,  and  the  racemising  eii'ect  of  alkali,  which  is 
directly  proportional  to  the  concentration  of  hydroxyl  ions,  becomes 
less  and  less  marked  until  in  the  later  stages  of  the  initial  hydrolysis 
it  is  practically  negligible.  During  the  earlier  stages  of  the  initial 
hydrolysis,  th<  refore,  an  excess  of  d-  over  /-salt  is  formed,  but  the  race- 
mising elfect  of  the  alkali  on  this  mixture  is  pronounced  ;  during  the 
later  stages  of  the  initial  hydrolysis,  the  ester  mixture  consists  of  an 
excess  of  /-ester  over  c?-ester,  and,  although  the  latter  is  more  quickly 
hydrolysed  than  the  former,  the  difference  in  the  relative  masses  of 
the  two  esters  leads  to  the  production  of  an  excess  of  /-salt  over  c/-5alt, 
on  which  mixture  the  alkali  has  at  this  stage  little  racemising  effect.  The 
final  result  of  the  initial  hydrolysis  is  accordingly  the  formation  of  a 
Ifevorotatory  salt. 

The  ester  mixture  remaining  after  the  initial  hydrolysis  contains 
an  excess  of  /-ester  and,  when  completely  hydrolysed  by  alkali,  yields 
a  Ifevorotatory  salt.  The  racemising  effect  of  alkali  in  this  case  is  not 
such  as  to  cause  the  formation  of  a  potassium  inactive  salt,  since  at 
the  earlier  stages  of  this  fi.nal  hydrolysis  a  considerable  excess  of  /-salt 
over  c/-salt  is  present.  At  the  earlier  stages  of  the  initial  hydrolysis, 
on  the  other  hand,  the  excess  of  c/-salt  over  /-salt  was  not  so  great  as 
was  the  excess  of  /-salt  over  cZ-salt  in  this  case. 

This  interpretation  throws  light  on  a  result  previously  obtained 
with  /-menthyl  (//-mandelate  (Trans.,  1904,  85,  378).  When  this  ester 
is  submitted  to  fractional  hydrolysis,  it  generally  yields  a  dextro- 
rotatory potassium  salt  as  the  product  of  the  initial  hydrolysis  by  an 
insufficiency  of  alkali,  but  in  certain  rare  cases  a  la3vorotatory  salt 
was  formed. 

The  conversion  of  an  inactive  substance  into  one  of  its  optically 
active  isomerides  with  the  apparent  disappearance  of  the  corresponding 
amount  of  the  other  isomeride  recalls  the  experience  of  Pope  and 
Peachey  {Proc,  1900,  16,  42)  in  their  preliminary  note  on  the  pre- 
paration of  (/-methylethyl-?i-propyl  tin  iodide.  These  authors  found 
that  when  z-methylethyl-?i-propyl  tin  iodide  was  agitated  with  a  warm 
aqueous  solution  of  silver  f/-camphorsulphonate,  c/-methylethyl-?i-propyl 
tin  f/-camphorsulphonate  separated.  When  the  mother  liquor,  how- 
ever, was  allowed  to  crystallise,  it  did  not  deposit  a  mixture  of  the 
camphorsulphonates  containing  an  excess  of  the  salt  of  the  /-base 
but,  instead  of  this,  a  mixture  containing  an  excess  of  the  salt  of  the 
d-ha.se. 

When  i-phenylethoxyacetic  acid  was  partially  esterified  by  /-borneol, 
the  unesterifiied  acid  was  dextrorotatory,  Avhilst  the  mixture  of  esters 
formed  yielded  a  dextrorotatory  acid  on  hydrolysis  with  an  excess  of 
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alkali.  The  ^acid  is  accordingly  esterified  more  quickly  than  the 
fZ-acid.  That  the  ester  mixture,  in  which  the  ^-ester  preponderated, 
yielded  a  dextrorotatory  acid  is  due  to  the  racemising  effect  of  alkali 
as  indicated  in  the  discussion  of  the  fractional  hydrolysis  of  ^-menthyl 
fZ^phenylethoxyacetate. 

The  fractional  hydrolysis  of  Z-bornyl  (^Z-phenylethoxyacetate  pro- 
ceeded in  such  a  manner  that  both  the  initial  and  the  final  hydrolysis 
yielded  Isevorotatory  potassium  salts.  The  fractional  esterification  of 
the  acid  itself  indicated  that  the  Z-ester  wovild  be  hydrolysed  more 
quickly  than  the  cZ-ester  since  it  is  formed  more  quickly.  The 
racemising  effect  of  the  alkali  in  the  initial  hydrolysis  was  not,  under 
the  conditions  employed,  sufficient  to  effec-t  the  formation  of  a  dextro- 
rotatory salt,  so  that  the  direction  of  the  rotation  of  the  salt  from  the 
initial  hydrolysis  is  normal.  In  the  final  hydrolysis,  however,  the 
racemising  effect  is  seen,  since  the  potassium  salt  was  Ifevorotatory  and 
not  dextrorotatory. 

The  fractional  hydrolysis  of  Z-bornyl  (ZZ-mandelate  gave,  under  the 
conditions  employed,  a  Isevorotatory  acid  as  the  product  of  the  initial 
hydrolysis,  whilst  the  acid  obtained  from  the  final  hydrolysis  was 
inactive.  From  the  result  of  the  initial  hydrolysis,  it  might  be  con- 
cluded that  the  Z-ester  is  more  readily  hydrolysed  than  the  fZ-ester,  but 
we  are  inclined  to  believe  that  the  reverse  is  the  case  since  the  cZ-ester 
is  the  more  r-eadily  formed  of  the  two  (McKenzie,  loc.  cit.).  The  pro- 
duction of  a  Ifevorotatory  salt  from  the  initial  hydrolysis  is  easily 
accounted  for  on  the  assumption  that  the  racemisation  gradually 
diminishes  as  the  hydrolysis  proceeds.  It  may  be  possible  to  alter  the 
experimental  conditions  in  such  a  manner  that  a  dextrorotatory  acid 
will  result  from  the  initial  hydrolysis,  and  measurements  of  the 
velocity  of  hydrolysis  of  the  d-,  1-,  and  cZZ-esters  respectively  are  at 
present  in  progress  with  this  aim  in  view. 

The  racemisation  phenomena  described  are  much  influenced  by  the 
concentration  of  the  alkali  and  by  the  temperature  conditions.  The 
variation  of  the  latter  factor  was  examined  in  the  case  of  Z-bornyl 
Z-mandelate.  When  molecular  amounts  of  Z-mandelic  acid  and 
Z-borneol  were  heated  at  155°,  the  unesterified  acid  was  practically 
unchanged  in  rotation.  When  the  ester  formed  was  hydrolysed  by 
being  boiled  with  alcoholic  potassium  hydroxide,  the  resulting  acid 
had  [ajn  -49°  in  aqueous  solution ;  when  the  hydrolysis  was  con- 
ducted at  25°  with  the  same  amount  of  alkali  and  in  the  same 
dilution,  the  rotation  of  the  resulting  acid  was  [a]o'-65°,  whilst  the 
original  Z-mandelic  acid  had  [ajf?"-  158°. 

The  resolution  effected  in  the  case  of  Z-bornyl  cZZ-lactate  was  a  very 
slight  one ;  the  product  of  the  initial  hydrolysis  was  inactive,  whilst 
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the  product  of  the  final  hydrolysis  Avas  feebly,  although  distinctly, 
Ifevorotatory.  No  resolution  was  effected  with  /-menthyl  cZ^-a-hydroxy- 
butyrate,  ^bornyl  <i^a-hydroxybutyrate,  and  Z-menthyl  dl-(3-hjdroxy- 
butyrate  respectively. 

The  initial  hydrolysis  of  ^-menthyl  fZMactate  yielded  a  mixture  of 
i-  and  (i-lactic  acids,  whilst  the  final  hydrolysis  yielded  a  mixture  of  i- 
and  Z-acids.  With  Z-menthyl  cZ^a-ethoxypropionate,  a  Isevorotatory 
acid  was  obtained  from  the  initial  hydrolysis  and  a  dextrorotatory 
one  from  the  final  hydrolysis,  whilst  with  the  corresponding  bornyl 
ester  the  initial  hydrolysis  yielded  a  dextrorotatory  acid,  and  the  final 
hydrolysis  a  Ifevorotatory  one.  There  was  no  evidence  that  the  alkali 
had  exerted  any  racemising  effect  in  those  instances. 

In  the  course  of  his  remarkable  experiments  on  the  optical  inversion 
of  the  malic  acids,  Waldeu  (Ber.,  1899,  32,  1833)  discusses  the 
possibility  of  the  racemising  action  of  alkali  in  the  formation  of  malic 
acid  from  halogen  succinic  acid,  and  quotes  experiments  which  show 
that  under  the  conditions  he  employed  the  active  malic  acid  formed 
was  not  racemised  by  the  alkali  present.  We  find,  however,  that  a 
solution  of  potassium  Z-malate  becomes  quite  inactive  in  the  presence 
of  an  excess  of  alkali  under  the  conditions  quoted  in  the  experimental 
portion  of  this  paper.  If  this  result  is  due  to  the  formation  of 
i-malate,  it  has  an  important  bearing  on  Walden's  interconversion  of 
the  active  malic  acids. 

When  r-mandelic  acid  is  partially  esterified  by  being  heated  with 
Z  menthol  at  155°,  the  unesterified  acid  is  Isevorotatory,  whilst  the 
esters  formed  yield,  on  hydrolysis  by  an  excess  of  alkali,  either  an  in- 
active or  a  feebly  Irevorotatory  acid,  and  not  a  dextrorotatory  one  as 
was  at  first  expected  (Marckwald  and  McKenzie,  loc.  cit.).  Since  the 
fZ-acid  is  esterified  more  quickly  than  the  Z-acid,  a  mixtui'e  of  unequal 
amounts  of  d-  and  Z-esters,  containing  an  excess  of  the  former,  would 
have  been  produced  on  the  assumption  that  no  racemisation  or  decom- 
position had  attended  the  formation  of  the  esters.  It  was  formerly 
concluded  that  the  cZ-mandelate  is  racemised  by  heat  more  quickly  than 
the  Z-mandelate  to  such  an  extent  that  the  ester  mixture  did  not  contain 
an  excess  of  the  former  esfcer.  This  view  must  now  be  modified,  as 
the  most  important  factor  in  the  production  of  an  inactive  or  a  feebly 
Isevorotatory  acid  from  the  hydrolysis  of  the  ester  mixture  is  the 
racemising  effect  of  the  alkali  used.  Definite  proof,  however,  is  given 
in  this  paper  that  the  d-  and  Z-mandelates  are  actually  racemised  by 
heat  at  different  rates. 

It  will  be  seen  from  the  following  table  that  the  values  for  the 
molecular  rotations  of  the  esters  prepared  by  us  are  of  the  same  order 
as  those  obtained  by  Tschugaeff  for  other  menthyl  and   bornyl  esters 
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{Ber.,    1898,  31,   360,    1775;  J.   Russ.   Phjs.   Chem.  Soc,   1902,   34, 
606). 

[M]:,  (in  ethyl- 
[M]'^'''  alcoholic  solution) 

Z-Menthyl  f;/-;3-liydroxybutyrate    152°  159° 

Z-Menthyl  rfZ-a-ethoxypropionate 154  164 

Z-Menthyl  cZZ-a-hydroxybiityrate     —  170 

Z-Menthyl  <^Mactate 166  173 

*Z-Menthyl  c^Z-mandelate    —  215 

Z-Menthyl  fZZ-phenylethoxyacetate 209  218 

Z-Bornyl  cZZ-a-ethoxypropionate  84  78 

Z-Bornyl  (ZMactate 89  82 

Z-Bornyl  rfZ-a-hydroxybutyrate    92  83 

Mioniyl  fZ/-mandelate  —  88 

Z-Bornyl  rfZ-ijhenylethoxyacetate 87  92 

*  Trans.,  1904,  85,  378. 

Tschugaeff  found  that  whilst  the  molecular  rotation  of  ^-menthyl 
formate  was  —1463°,  the  acetate  had  [M]d  -  157'3°,  a  value  which 
remained  practically  constant  for  the  six  succeeding  members  of  the 
series.  The  mean  of  his  values  was  -  157"8°.  Subsequent  examination 
of  aromatic  esters  showed  that  the  influence  of  the  phenyl  group  was 
such  as  to  increase  the  molecular  rotation.  This  influence  is  also 
indicated  by  the  numbers  quoted  above  for  the  mandelate  and  phenyl- 
ethox^vacetate.  The  ^-bornyl  esters  of  acids  of  the  formic  acid  series 
examined  by  Tschugaeff  have  the  mean  value  [M]d  -  87'9°.  The 
influence  of  the  phenyl  group  on  the  rotation  of  bornyl  esters  does  not 
appear  to  have  been  examined  by  Tschugaeff ;  in  the  cases  examined 
by  us  it  is  very  slight. 

Experimental. 

Fractional  Hydrolysis  of  \-Menthyl  A\-Fhenylet}ioxyacetate. 

■i-Phenylethoxyacetic  acid,  prepared  by  the  alkylation  of  r-mandelic 
acid  by  silver  oxide  and  ethyl  iodide  (McKenzie,  Trans.,  1899,  75,  756), 
was  heated  for  20  hours  on  a  boiling  water-bath  with  three  times  its 
weight  of  Z- menthol,  a  current  of  dry  hydrogen  chloride  having  been 
passed  at  intervals  into  the  mixture.  After  the  ethereal  solution  of 
the  product  had  been  agitated,  fii-st  with  a  dilute  aqueous  solution  of 
sodium  carbonate  and  then  with  water,  it  was  dried  by  anhydrous 
sodium  sulphate.  The  esterification  was  regarded  as  complete,  since, 
when  an  excess  of  dilute  sulphuric  acid  was  added  to  the  united  aqueous 
solutions  from  which  the  ester  had  been  completely  separated  and  the 
solution  then  extracted  quantitatively  with  ether  in  a  continuous 
extraction  apparatus  for  several  hours,  the  residue  obtained  on  evapora- 
tion of  the  ether  was  so  small  as  to  be  negligible.  After  removal  of 
the  ether  from  the  ethereal  solution  containing  the  esttr  and  excess  of 
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menthol,  the  menthol  was  readily  separated  from  the  ester  by  distilla- 
tion under  diminished  pressure. 

\-Menthyl  dl-phenylethoxyacetate,  OEt'CHPh*C02*CjoHj,j,  is  a  colour- 
less, viscid  oil  which  boils  at  205°  under  17  mm.  pressure. 

0-1937  gave  0-1660  HgO  and  0-5336  CO2.     H  =  9-6;  C  =  75-l. 
CgoHg^jOg  requires  H  =  9-5  ;  C  =  75-4  per  cent. 

It  hasai?"  -  65-65°  (^=1)  and  c^  20°/4°  1-0007  ;  whence  [a  Jj;''  -65-6°. 

A  determination  of  its  specific  rotation  in  ethyl  alcohol  gave  the 
following  result : 

Z-2,c  =  4-3200,  4"'  -5-91°,  [a Jf  -68-4°. 

When  the  ester  was  heated  in  a  current  of  steam  for  1  hour,  it  was 
not  appreciably  hydrolysed. 

Initial  Hydrolysis. — 10-6  grams  of  the  ester  were  boiled  in  a 
reflux  apparatus  for  4  hours  with  140  c.c.  of  a  solution  of  potassium 
hydroxide  in  ethyl  alcohol  containing  an  amount  of  alkali  sufficient  to 
hydrolyse  half  the  ester  used.  The  alcohol  was  removed  by  evapora- 
tion and  water  added  to  the  product.  The  mixture  of  residual  esters 
and  menthol  was  then  extracted  with  ether  and,  after  the  expulsion  of 
the  ether,  was  retained  for  the  final  hydrolysis. 

After  the  aqueous  solution  of  potassium  phenylethoxyacetate  formed 
had  been  concentrated  by  evaporation,  it  contained  no  menthol,  the 
latter  having  been  completely  removed,  first  by  extracting  the  solution 
with  ether  and  then  by  evaporating  the  solution.  The  solution  was 
decolorised  by  animal  charcoal  and,  when  examined  in  a  4-dcm.  tube, 
was  found  to  be  distinctly  lyevorotatory,  giving  aD*^— 0-26°  for 
c  =  11-107.  In  confirmation  of  this  activity  observed,  the  acid  was 
prepared  from  the  potassium  salt  by  acidification  and  extraction  with 
ether  and  then  converted  into  the  barium  salt,  the  aqueous  solution  of 
which  gave  ?=  4,  c  =  11-096,  ar-0-3r. 

Final  Hydrolysis. — The  mixture  of  residual  esters  and  menthol  was 
boiled  in  a  reflux  apparatus  for  4  hours  with  120  c.c.  of  standard 
alkali,  containing  0-025  gram  of  potassium  hydroxide  more  than  the 
amount  necessary  for  the  hydrolysis  of  5-3  grams  of  the  ester.  The 
alcohol  was  expelled,  water  added  to  the  residue,  and  the  menthol 
drained  off.  The  filtrate  was  completely  freed  from  menthol  in  the 
usual  manner  and  then  clarified  by  charcoal.  The  solution  of 
potassium  salt  thus  obtained  was  slightly  alkaline ;  it  measvired 
20  c.c,  of  which  14  c.c.  in  a  2-dcm.  tube  gave  aj,*"  -  0-90°  (c=  15*559) ; 
whence  [a]'i;°- 2-9°. 

The  aqueous  solution  of  barium  salt,  formed  as  indicated  in  the 
initial  hydrolysis,  gave 

;  =  4,  c  =  9-566,  af  -  1-07°,  [a]-D°^- 2-8°. 
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Fractional  Hydrolysis  of  \-Bornyl  dl- Phenylethoxyacetate. 

\-Bornyl  dl-phenylethoxyacetate,  OEt'CHPh'COg'CioH^,^,  was  prepared 
by  a  method  similar  to  that  used  for  the  corresponding  menthyl  ester. 
The  excess  of  Z-borneol  was  not,  however,  in  this  case  removed  under 
diminished  pressure,  since  it  tends  to  condense  in  such  a  manner  as  to 
choke  up  the  side-tube  of  the  distilling  flask.  It  is  best  separated 
from  the  ester  by  distillation  in  a  current  of  steam,  a  preliminary 
exi:)eriment  having  indicated  that  the  ester  is  not  appreciably 
hydrolysed  under  such  treatment. 

The  ester  is  a  viscid,  colourless  oil  which  boils  at  204°  under  20  mm, 
pressure. 

0-2057  gave  01629  FoO  and  0-5707  CO2.     H  =  8-9  ;  C  =  75-7. 
^20^28^3  I'equires  H  =  8-9  ;  C  =  75*9  per  cent. 

It  has  af -28-63°  (^=1)  and  d  2074°  1-0407;  whence  [a]]?'-  27  5°. 

A  determination  of  its  specific  rotation  in  ethyl  alcohol  gave  the 
following  result:  1  =  2,  c  =  4-2388,  a^D"'-2-47°,  [a]r-29-P. 

Initial  Hydrolysis. — A  solution  of  4-4  grams  of  the  ester  in  50  c.c. 
of  ethyl  alcohol  was  heated  for  4  hours  with  28  c.c.  of  alcoholic 
potassium  hydroxide  (1  c.c.  =  0-0139  KOH),  an  amount  requisite  for 
the  hydrolysis  of  half  the  ester  used.  After  removal  of  the  alcohol, 
the  aqueous  solution  of  potassium  salt  was  completely  separated  from 
the  mixture  of  residual  esters  and  borneol  and  was  found  to  be  slightly 
Iffivorotatory :  ^=1,  c  =  5*346,  aD°-0-15°,  The  barium  salt  of  the 
acid  obtained  from  this  solution  was  also  found  to  be  Isevorotatory  in 
aqueous  solution  :  1  =  2,  c  =  7-932,  a-^°  -  020°. 

Final  Hydrolysis. — The  ether  was  expelled  from  the  solution  of 
borneol  and  esters  remaining  from  the  initial  hydrolysis,  and  the 
resulting  oil  dissolved  in  50  c.c.  of  ethyl  alcohol  and  then  boiled  for 
4  hours  with  29  c.c.  of  alcoholic  potassium  hydroxide  (1  c.c.  = 
0  0139  KOH).  After  complete  removal  of  the  borneol,  the  aqueous 
solution  of  potassium  salt  gave  -.1=1,  c  =  7-856,  a^°-0-21°,  whilst  an 
aqueous  solution  of  the  barium  salt,  obtained  from  it,  gave  ^  =  1, 
c  =  5-605,  ai»°-0-ll°. 

Special  precautions  were  taken  in  this  and  in  other  cases  to  ensure 
that  the  activity  observed  with  the  potassium  salts  resulting  from  the 
hydrolysis  was  not  due  to  traces  of  the  active  alcohols.  From  the 
aqueous  solutions  separated  by  filtration  from  the  precipitated  menthol 
or  borneol,  the  last  traces  of  the  alcohols  may  be  removed  by  extract- 
ing the  solutions  with  ether  and  then  evaporating  them  until  the 
odour  of  the  alcohols  has  entirely  disappeared. 


DURING   THE   HYDROLYSIS   OF    OPTICALLY    ACTIVE    ESTERS    1013 


Fractional  Esterijication  of  i-Phenylethoxy acetic  Acid  hy  \-Borneol. 

i-Phenylethoxyacetic  acid  (18*3  grains),  prepared  by  the  action  of 
sodium  ethoxide  on  ethyl  phenylchloroacetate,  was  heated  with  an 
equal  weight  of  ^borneol  at  150—155°  for  4^  hours.  The  product 
was  dissolved  in  ether  and  the  unesterified  acid  removed  by  means  of 
an  aqueous  solution  of  sodium  carbonate.  The  solution  of  sodium 
salt  thus  obtained  was  completely  freed  from  borneol  and  bornyl 
esters  by  extraction  with  ether,  the  ethereal  extracts  being  added  to 
the  main  ethereal  solution  from  which  the  sodium  salt  in  question  had 
been  removed. 

The  sodium  salt  was  then  decomposed  by-the  addition  of  mineral  acid, 
the  liberated  phenylethoxyacetic  acid  extracted  with  ether,  and  then 
converted  into  its  barium  salt,  a  solution  of  which  in  water  proved  to 
be  dextrorotatory  : 

1=2,  c=ll-95,  [ajii'  +1-15^  [a]i,''  +  4-8^. 

The  mixture  of  esters  and  borneol  was  then  heated  with  an  excess 
of  alcoholic  j)otassium  hydroxide  for  2  hours,  the  alcohol  was  evapo- 
rated off,  water  was  added,  and  the  borneol,  which  was  precipitated, 
was  drained  off.  The  filtrate  was  then  completely  separated  from  the 
traces  of  borneol  present  and  decomposed  by  mineral  acid.  The 
phenylethoxyacetic  acid  obtained  by  extraction  with  ether  was  con- 
verted into  barium  salt,  a  solution  of  which  in  water  proved  to  be 
dextrorotatory  : 

1  =  2,  c=  16-39,  ai;^>l-40°,  [a^  +4-3°. 


Fractional  Hydrolysis  of  l-Bornyl  d\-Mandelate. 

\-Bornyl  dl-mandelate,  prepared  by  the  complete  esterification  of 
r-mandelic  acid  by  Z-borneol  by  the  hydrogen  chloride  method,  was 
first  obtained  as  a  viscid  oil  which  boiled  at  204°  under  14  mm.  pres- 
sure and  slowly  crystallised  as  a  felted  mass  of  fine  needles ;  it  melts 
at  45 — 47^  and  is  readily  soluble  in  the  ordinary  organic  solvents. 

0-2176  gave  0-1635  H,0  and  0-5978  CO.,.     H  =  8-4;  C  =  74-9. 
CjgHo^Og  requires  H  =  8-4  ;  C  =  75*0  per  cent. 

A  determination  of  its  specific  rotation  in  ethyl  alcohol  gave  the 
following  value  :  ^=2,  c  =  6-6876,  a^-  4-07°,  [aJiT^-  30-4°. 

When  this  ester  was  submitted  to  fractional  hydrolysis  in  a  manner 
indicated  in  the  foregoing  cases,  the  acid  obtained  from  the  initial 
hydrolysis  was  Isevorotatory,  whilst  that  obtained  from  the  final 
hydrolysis  was  inactive.     Details  need  not   be  quoted,  as  the   result 
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confirmed  the  experiments  formerly  conducted  by  one  of  us  (Trans., 
1904,  85,  378),  where  the  fractional  hydrolysis  was  carried  out  with  a 
mixture  of  ^-bornyl  cZ^-mandelate  and  ^borneol. 

Esterijication  of  \-Mandelic  Acid  by  \-Borneol. 

Z-Mandelic  acid  (10  grams),  prepared  from  amygdalin,  was  heated 
with  10  grams  of  ^boI*neol  for  2  hours  in  an  oil-bath  at  155°.  The 
ethereal  solution  of  the  product  was  shaken  with  aqueous  sodium 
carbonate,  and  the  aqueous  solution,  from  which  the  borneol  and  bornyl 
ester  had  been  completely  removed,  yielded,  on  acidification  and  ex- 
traction with  ether,  3  grams  of  unesterified  mandelic  acid,  the  rotation 
of  which  was  practically  identical  with  that  of  the  original  acid.  The 
solution  of  the  esterified  product  in  100  c.c.  of  ethyl  alcohol  was 
divided  into  two  equal  portions,  to  each  of  which  were  added  106  c.c. 
of  standard  alcoholic  potassium  hydroxide  (1  c.c.  =  0"0133  KOH),  an 
amount  in  excess  of  that  required  for  the  complete  hydrolysis  of  the 
ester  in  each  case.  The  hydrolysis  was  conducted,  in  the  one  case,  by 
boiling  the  mixture  for  4  hours  in  a  reflux  apparatus,  and  in  the 
other  by  allowing  the  solution  to  remain  in  a  thermostat  at  25°  for  24 
hours.  The  mandelic  acid  was  recovered  in  each  instance  from  the 
solutions  of  potassium  salt  which  had  been  freed  from  borneol ;  in  the 
former  case,  the  acid  gave  the  following  result:  1  =  2,  c  =  4'988, 
a2»°-4-89°  [a]i"°-49-0°,  and  in  the  latter  case,  1  =  2,  c  =  4-7296, 
ai"°  -  6-12°,  [a]f  -  64-7°.  The  original  ^mandelic  acid  in  a  5  per  cent, 
solution  had  [a]f- 158°. 

The  borneol  was  recovered  in  each  case,  and  was  found  not  to  have 
undergone  racemisation. 

Fractional   Hydrolysis  of  \-Bornyl  Al-Lactate. 

\-Bornyl  d\-Iactate,  prepared  by  the  complete  esterification  of  i-lactic 
acid  by  ^borneol  by  the  hydrogen  chloride  method,  is  a  viscid,  colour- 
less oil  which  boils  at  136°  under  10  mm.  pi-essure. 

0-2023  gave  0-1793  HgO  and  0-5109  CO2.     H  =  9-9  ;  C  =  68-9. 
C13H20O3  requires  H  =  98  ;  C  =  69-0  per  cent. 

It  has  ai?'  -  40-71°  (^  =  1)  and  d  20°/4°  1-0370  ;  whence  [ajn  -  39-3°. 

A  determination  of  its  specific  rotation  in  ethyl  alcohol  gave  the 
following  result  :  1  =  2,  c  =  5-2600,  ai?°-3-83°,  [a]'r-36-4°. 

Initial  Hydrolysis. — Forty-three  grams  of  ester  were  dissolved  in 
100  c.c.  of  ethyl  alcohol  and  heated  for  7  hours  with  69  c.c.  of  standard 
alcoholic  potassium  hydroxide  (1  c.c.  =  0-07729  KOH),  an  amount 
requisite  for  the  hydrolysis  of  half  of  the  ester  used.     The  alcohol 
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was  then  removed,  and,  after  the  addition  of  water,  that  portion  of  the 
ester  which  had  not  undergone  hydrolysis  was  separated,  together  with 
the  precipitated  borneol,  from  the  aqueous  solution  of  potassium  lac- 
tate by  means  of  ether.  The  aqueous  solution  of  potassium  lactate 
was  acidified  by  sulphuric  acid  and  the  lactic  acid  liberated  was 
quantitatively  extracted  in  a  continuous  extraction  apparatus.  The 
acid  obtained  in  this  manner  was  converted  into  zinc  salt,  from  the 
aqueous  solution  of  which  a  crop  of  11  grams  of  r-salt  was  with- 
drawn, whilst  the  filtrate,  when  examined  in  a  4-dcm.  tube,  proved  to 
be  inactive. 

Final  Hydrolysis. — The  mixture  of  residual  esters  and  borneol  was 
dissolved  in  100  c.c.  of  ethyl  alcohol  and  boiled  for  7  hours  with  71 
c.c.  of  alkali  (1  c.c.  ==0-07729  KOH).  From  the  resulting  potassium 
lactate,  the  acid  was  liberated  as  in  the  initial  hydrolysis  and  converted 
into  zinc  salt.  The  aqueous  solution  of  the  latter  was  allowed  to 
crystallise;  a  crop  of  crystals  (10  gi'ams)  was  separated,  whilst  the 
filtrate,  when  examined  in  a  4-dcm.  tube,  proved  to  be  feebly  dextro- 
rotatory, giving  tto  4-0-08°,  and  containing  therefore  a  slight  excess  of 
the  dextrorotatory  zinc  Mactate.  This  observation  was  confirmed  by 
dissolving  the  crop  (10  grams)  in  dilute  hydrochloric  acid  and  examining 
the  solution  in  a  4-dcm.  tube,  when  the  value  a^-0'\l°  was  noted. 
In  this  case,  some  of  the  /-salt  had  apparently  crystallised  along  with 
the  i-salt,  and  when  the  mixture  is  acidified  the  presence  of  Mactic 
acid  in  the  solution  is  indicated. 


Cases  where  no  Resolution  was  effected  by  Fractional  Hydrolysis. 

VMenthyl  ^\-a-hydroxyhutyrate,  QB^^-GK^^'GYLiOWj-CO^-G^^^^^,  pre- 
pared by  the  complete  ester ification  of  a-hydi*oxy butyric  acid  by  l- 
menthol  in  the  usual  manner,  was  first  obtained  as  an  oil  which  boiled 
at  161°  under  17  mm.  pi-essure,  and  which,  after  24  hours,  solidified  to  a 
mass  of  fine  needles  melting  at  37°.  It  was  analysed  by  hydrolysis 
with  standard  alcoholic  potassium  hydroxide. 

0-5180  required  0-1190  potassium  hydroxide  for  complete  hydrolysis, 
the  theoretical  amount  being  0-1199. 

A  determination  of  its  specific  rotation  in  ethyl  alcohol  gave  the 
following  result  : 

1  =  2,  c  =  4-6988,  ai?^-6-62°,  [a]i,""- 70-4°. 

Twelve  grams  of  ester  were  dissolved  in  100  c.c.  of  ethyl  alcohol 
and  submitted  to  fractional  hydrolysis  with  23  c.c.  of  alkali 
(1    c.c.  =  0-0606  KOH)  in  the  usual  manner.     The  acid  obtained  from 
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the  potassium  salt  thus  produced  was  inactive,  as  also  was  that 
obtained  as  the  product  of  the  final  hydrolysis. 

The  result  was  the  same  when  the  fractional  hydrolysis  of  twelve 
grams  of  the  ester  was  conducted  in  a  thermostat  at  25°  for  40  hours 
instead  of  at  the  temperature  of  a  boiling  water-bath,  as  in  the  previous 
experiment. 

\-Bornyl  dl-a-hydroxi/buti/rate,  C'Sl^-CR.,-GB.{0T1)'C0^-C^qR^^,  pre- 
pared in  the  usual  manner,  is  an  oil  which  boils  at  157°  under  17  mm. 
pressure ;  it  was  analysed  by  hydrolysis  with  standard  alcoholic 
potassium  hydroxide  : 

0-5345  required  0-1251  potassium  hydroxide  for  complete  hydrolysis, 
the  theoi'etical  amount  being  0-1247. 

It  has  ai/°  -39-28°  (^  =  1)  and  cZ  20°/4°  1-0250  ;  whence  [a]^'  -  38-3°. 
Its  specific  rotation  in  ethyl  alcohol  was  determined  : 

1  =  2,  c  =  4-7344,  4"^ -3-27°,  [a]r-34-5°. 

The  fractional  hydrolysis  proceeded  as  in  the  case  of  the  menthyl  ester, 
no  resolution  having  been  effected. 

VMenthyl  di\-[i-hydroxyhutyrate,  CIl3-CH(OH)-CH2-CO^-CioHj9,  pre- 
pared by  the  complete  esterification  of  /3-hydroxybutyric  acid  by 
/-menthol  in  the  usual  manner,  is  an  oil  which  boils  at  169°  under 
17  mm.  pressure. 

0-2132  gave  02078  HgO  and  0-5396  CO.,.     H  =  10-9;  C  =  69-0. 
Cj^HggOg  requires  H=  lO'S  ;  0  =  69-4  per  cent. 

It  has  4°'  -30-90°  (^  =  0-5)  and  d  20°/4°  09859;  whence 
[a]r  -62-7°. 

Its  specific  rotation  in  ethyl  alcohol  was  determined  : 

/  =  2,  c  =  5  -08 1 6,  af  -  6  -6 9°,  [  a  ]f  -  65  -8°. 

No  resolution  was  obtained  when  this  ester  was  submitted  to  fractional 
hydrolysis. 

Fractional  Hydrolysis  of  VMenthyl  dl-Lactate. 

l-Mtnthyl  dl-lactate,  prepared  by  the  complete  esterification  of  «-lactic 
acid  by  Z-menthol  by  the  hydrogen  chloride  method,  was  first  obtained  as 
an  oil,  which  boiled  at  142°  under  15  mm.  pressure  and  gradually 
solidified  to  a  mass  of  stellate  needles  ;  these  melt  at  32°  and  are  very 
readily  soluble  in  ethyl  alcohol,  ether,  benzene,  chloroform,  ethyl 
acetate,  acetone,  ligroin,  or  carbon  tetrachloride. 

0-2157  gave  0-2093  H.,0  and  0-5413  CO,,.     H  =  10-9;  C  =  68-4. 
CisHj/Jg  requires  H  =  10-6  ;  C  -  68-4  per  cent. 
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Its  specific  rotation  in  the  superfused  state  was  determined  : 
;=  1,  4"'  -  71-61°,  d  2074°  0-9835,  [a]'i?'  -  72-8°. 
Its  specific  rotation  in  ethyl  alcohol  was  as  follows  : 

1  =  2,  c  =  5-0488,  af  -7-66°,  [a]i"'  -75-9°. 

Initial  Hydrolysis. — Forty-two  grams  of  ester  were  dissolved  in  100 
c.c.  of  ethyl  alcohol  and  hydrolysed  in  the  usual  manner  for  3^  hours 
with  67  c.c.  of  alcoholic  potassium  hydroxide  (1  c.c.  =  0-07729  KOH),  the 
total  amount  necessary  for  complete  hydrolysis  being  134  c.c.  From 
the  potassium  lactate  formed,  the  lactic  acid  was  prepared  in  the  manner 
already  indicated  in  connection  with  the  fractional  hydrolysis  of  the 
bornyl  lactate  and  was  converted  into  zinc  salt,  the  aqueous  solution  of 
which  was  allowed  to  crystallise;  11  grams  of  hydrated  r-salt  were 
withdrawn,  whilst  28  c.c.  of  the  filtrate  (34  c.c),  when  examined  in  a 
4-dcm.  tube,  gave  af  -  0-33°  for  c  =  1-6885,  whence  [a]l?°  -  4-9°.  The 
concentration  of  this  solution  was  determined  by  evaporating  an 
aliquot  portion  of  it  to  dryness  and  then  heating  the  residue  at 
117 — 120°  until  constant  in  weight.  The  solution  accordingly  con- 
tained a  considerable  amount  of  zinc  cZ-lactate,  the  specific  rotation 
of  which  is  much  influenced  by  temperature  and  has  been  found  by 
Purdie  and  Walker  (Trans.,  1895,  67,  621)  to  be  -5-8°  at  14°  for 
c  =  8-002. 

Final  Hydrolysis. — The  mixture  of  residual  esters  and  menthol  was 
dissolved  in  100  c.c.  of  ethyl  alcohol  and  hydrolysed  by  heating  with 
70  c.c.  of  alkali  (1  c.c.  =  0-07729  KOH)  for  4  hours.  After  removal  of 
the  menthol,  the  solution  was  acidified  and  extracted  with  ether.  The 
lactic  acid  obtained  was  converted  into  its  zinc  salt,  from  the  aqueous 
solution  of  which  a  crop  of  9-5  grams  of  hydrated  r-&alt  was  with- 
drawn, whilst  the  filtrate  (28  c.c.)  gave  the  result  : 

Z  =  4,  c  =  2-2975,  a'^'  +0-34°,  [a^  +3-7°. 

The  filtrate  accordingly   contained    a    considerable    amount  of    zinc 
Wactate. 

Fractional  Hydrolysis  of  \-Menthyl  dl-a-Fthoxyprojnonate. 

Marckwald  and  McKenzie  have  shown  that  when  i-a-ethoxypro- 
pionic  acid  is  heated  with  ^menthol  at  155°,  the  unesterified  acid  is 
dextroi'otatory,  whereas  the  esterified  portion  yielded,  on  complete 
hydrolysis  by  an  excess  of  alkali,  a  Isevorotatory  acid  {Be7\,  1901,  34, 
469).  Since  the  amount  of  Z-acid  in  the  latter  mixture  of  i-  and  l- 
acids  corresponded  to  the  amount  of  d-ncid  in  the  unesterified  portion, 
it  was  obvious  that  in  this  special  case  no  racemisation  had  occurred 
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during  tlie  hydrolysis  by  alkali.  It  was  accordingly  of  interest  to 
examine  the  fractional  hydrolysis  of  the  menthyl  and  bornyl  esters  of 
the  acid  in  question. 

The  acid  used  was  prepared  by  the  action  of  sodium  ethoxide  on 
ethyl  a-bromopropionate  {Schveiner,  Anjialen,  1879,  197,  13).  \-Menthyl 
d\-a-ethoxi/propionate,  CH3'CH(OEt)-CO/C^oH^5,  prepared  by  the 
complete  esterification  of  the  acid  by  menthol,  is  an  oil,  which  boils  at 
140'^  under  13  mm.  pressure. 

0-2080  gave  0-2085  HgO  and  0-5338  CO.^.     H=ll-2  ;  C  =  70-0. 

CigH^gOs  requires  H  =  11-0  ;  C  =  70-3  per  cent. 
It    has     af    -28-23°    (1  =  0-5)    and    d    2074°     0-9363;     whence 
[a]i?°   -60-3°. 

A  determination  of  its  specific  rotation  in  ethyl  alcohol  gave  the 
result : 

^  =  2,  c  =  4-6616,  a"f  -5-99°,  [a]i?=  -64-2°. 

Initial  Hydrolysis. — The  solution  of  21  grams  of  the  ester  in 
100  c.c.  of  ethyl  alcohol  was  boiled  for  6  hours  with  40  c.c.  of  alcoholic 
potassium  hydroxide  (1  c.c.  =  0  0565  KOH),  the  amount  necessary  for 
complete  hydrolysis  bsing  81-3  c.c.  The  aqueous  solution  of  potassium 
salt,  obtained  in  the  usual  manner  entirely  free  from  menthol,  gave 
ttu  -  0-70°  when  examined  in  a  2-dcm.  tube  containing  14  c.c.  The 
ethoxypropionic  acid,  prepared  by  acidifying  this  solution  by  dilute 
sulphuric  acid  and  extracting  with  ether  in  a  continuous  extraction 
apparatus,  was  converted  into  its  calcium  salt,  from  the  aqueous  solu- 
tion of  which  2  grams  of  hydrated  r-salt  were  withdrawn,  whilst  the 
filtrate  (15  c.c.)  gave  the  result  : 

Z  =  2,  c  =  20-724,  a'f  -0-61°,  [af°  -1-5°. 

The  concentration  of  the  salt  was  determined  by  evaporating  an  aliquot 
portion  of  the  solution  to  dryness  and  then  heating  the  residue  at  120° 
until  constant. 

Final  Hydrolysis. — The  mixture  of  residual  esters  and  menthol  was 
dissolved  in  80  c.c.  of  ethyl  alcohol  and  heated  with  50  c.c.  of  alkali 
(1  c.c.  =  0-0565  KOH)  for  7  hours.  The  aqueous  solution  of  potassium 
salt  (25  CO.),  from  which  the  menthol  had  been  removed,  gave 
tto  +  0-56°  in  a  2-dcm.  tube  containing  14  c.c.  The  aqueous  solution 
of  calcium  salt,  prepared  as  in  the  initial  hydrolysis,  was  concentrated, 
a  crop  of  1-5  grams  of  hydrated  r-salt  withdrawn,  whilst  the  filtrate 
(15  c.c.)  gave  the  result : 

1  =  2,  c  =  20-739,  af  +0-78°,  [a]f  +1-9°. 

These  results  show,  therefore,  that  ^menthyl  ^ethoxypropionate  is  hydro- 
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lysed  by  alkali  more  quickly  than  is  ^menthyl  cZ-ethoxypropionate.  The 
former  ester  is  produced  more  readily  than  the  latter  during  the  esteri- 
fication  of  the  t-acid  ;  that  it  is  more  quickly  hydrolysed  is  in  accord- 
ance with  the  usual  experience  that,  of  two  isomeric  esters,  the  one 
which  is  formed  more  quickly  is  also  more  quickly  hydrolysed. 

Fractional  Hydrohjsis  of\-Bornyl  dl-a-ethoxi/projnonate. 

\-Bornyl  d\-a-ethoxi/p7-ojnonate,  CH3'CH(OEt)'C02'OioH^^,  prepared 
by  the  complete  esterification  of  i-ethoxypropionic  acid  by  Z-borneol, 
is  an  oil  which  boils  at  135°  under  10  mm.  pressure. 

0-2069  gave  0-1905  H2O  and  0-5367  CO,.     H  =  10-3  ;  C  =  70-7. 
C\5H2g03  requires  H=  10-3  ;  C  =  70-8  per  cent. 

It  has  4""  -32-70°  (Z  =  l)  and  d  20°/4°  0-9858;  whence 
[[a]r  -33-2°. 

A  determination  of  its  specific  rotation  in  ethyl  alcohol  gave  : 
1  =  2,  c  =  4-9320,  af  -3-03°,  [a]f  -30  7°. 

Initial  Hydrolysis. — 26-5  grams  of  ester  were  dissolved  in  100  c.c. 
<6i  ethyl  alcohol  and  boiled  for  3  hours  with  52  c.c.  of  alcoholic 
potassium  hydroxide  (1  c.c.  =0*0565  KOH),  the  amount  required  for 
complete  hydrolysis  being  103-6  c.c.  After  the  mixture  of  esters  and 
borneol  had  been  removed,  the  aqueous  solution  of  potassium  salt 
(14  c.c),  when  examined  in  a  2-dcm.  tube,  gave  a^  +  2-44°.  The  acid 
formed  from  it  was  converted  into  calcium  salt,  from  the  aqueous 
solution  of  which  a  crop  of  3-8  grams  of  hydrated  r-salt  was  separated, 
whilst  the  filtrate  (15  c.c),  when  examined  in  a  2-dcm.  tube  contain- 
ing 14  cc,  gave  a??'  +  1-61°,  c  =  20-685,  [a]i?'  4-3-9°. 

Final  Hydrolysis. — The  mixture  of  residual  esters  and  borneol  was 
dissolved  in  100  cc.  of  ethyl  alcohol  and  boiled  for  4  hours  with 
60  c.c  of  standard  alkali  (1  cc.  =  00565  KOH).  The  resulting 
potassium  salt,  after  having  been  separated  from  borneol,  was 
decolorised  in  aqueous  solution  by  charcoal  and  then  concentrated 
to  15  c.c,  of  which  6  c.c.  in  a  1-dcm.  tube  gave  au  -0-75°.  The 
aqueous  solution  of  calcium  salt  obtained  from  it  was  concentrated, 
a  crop  of  2-5  grams  of  hydrated  r-salt  removed,  whilst  the  filtrate 
(14  c.c)  gave  ^  =  2,  c  =  21-227,  ai?  -  1-33°,  [aji?^  -  3-1°. 

Racemisation  of  l-Malic  Acid  hy  Alkali. 

Whilst  racemisation  takes  place  with  remarkable  ease  during  the 
hydrolysis  of  Z-menthyl  tZ-mandelate  or  of  Z-menthyl  ^mandelate  by 
alkali,  the  racemisation  of  the  active  acids  themselves  by  alkali  is  not 
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nearly  so  pronounced.  Thus,  when  either  of  the  esters  mentioned  is 
hydrolysed  by  the  calculated  amount  of  alcoholic  potassium  hydroxide 
even  in  dilute  solution  and  at  25°,  the  mandelic  acid  obtained  has  a 
rotation  of  about  one-quarter  of  that  of  the  pure  active  acid 
(Trans.,  1904,  85,  1249).  As  contrasted  with  this  result,  the  fol- 
lowing experiment  on  the  gradual  racemisation  of  potassium  Z-mande- 
late  may  be  quoted  ;  0'983  gram  of  Z-mandelic  acid  was  dissolved  in 
ethyl  alcohol,  10  c.c.  of  standard  alcoholic  potassium  hydroxide 
(1  c.c.  =  0-06935  KOH)  were  added  (the  amount  necessary  for  the 
neutralisation  of  the  acid  being  5*2  c.c),  and  the  sohition  then  made 
up  to  50  c.c.  with  ethyl  alcohol.  This  solution  gave  a^'  -  1"95°  in  a 
1-dcm.  tube,  a  value  which  was  unchanged  after  a  lapse  of  24  hours. 
After  having  been  maintained  at  80°  for  2  hours,  the  solution  ex- 
hibited a  slight  diminution  in  activity,  giving  a^'  -1'74°  (1  =  1);  it 
was  then  heated  to  boiling  for  7  hours,  evaporated  to  dryness,  and  the 
solid  made  up  to  50  c.c.  with  ethyl  alcohol,  when  the  resulting 
solution  gave  tto"  -1-Q4°  (1=1).  The  whole  was  then  evaporated  to 
dryness  and  the  residue  dissolved  in  a  mixture  of  20  c.c.  of  ethyl 
alcohol  and  30  c.c.  of  alkali  (1  c.c.  =  0-06935  KOH);  this  solution, 
when  boiled  for  2^  hours,  had  very  slightly  diminished  in  volume  and, 
when  made  up  to  50  c.c,  gave  a^"  -  0'87°  (1=1). 

The  action  of  alkali  on  Z-malic  acid  was  investigated  as  follows. 
Z-Malic  acid  (2  grams)  and  potassium  hydroxide  (5-5  grams)  were  made 
up  to  50  c.c  with  water.  The  solution  gave  a^^'  —0-76°  in  a  2-dcm. 
tube,  a  value  which  did  not  change  after  the  solution  had  been  kept  in  a 
thermostat  at  25°  for  seven  weeks.  It  was  then  evaporated  to  dryness 
on  the  water-bath  and  the  residue  made  up  to  50  c.c,  with  water,  by 
which  treatment  it  was  found  that  considerable  racemisation  had 
occurred,  the  solution  giving  a^'.  -029°  (1  =  2).  When  the  solution 
was  again  subjected  to  a  similar  treatment,  it  became  quite  inactive. 

In  a  second  experiment,  malic  acid  (16  grams)  was  dissolved  in 
200  c.c.  of  potassium  hydroxide  solution,  containing  41  grams  of 
alkali.  The  initial  rotation  was  a^'  -  1*09°  (^  =  2).  The  solution  was 
then  heated  on  a  boiling  water-bath,  the  necessai-y  precautions  being 
taken  to  prevent  any  alteration  in  the  concentration  of  the  solution, 
and  portions  were  ^^withdrawn  from  time  to  time  for  polarimetric 
observations.  After  5,  10,  26,  62,  102,  and  162  hours'  heating 
respectively,  the  observed  angles  of  rotation  were  -098°,  -0-91°, 
-0-67°,  -0-35°,  -0-19°,  and  -0-05°  respectively  (Z  =  2). 

Action  of  Ileal  on  the  Isomeric  Menthyl  Mandelates. 

After  the  i-emoval  of  the  unesterified  Ifevorotatory  acid  from  the 
mixture  of   esters  obtained  by  heating  r-mandelic  acid  Avith  Z-menthol 
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at  155°,  the  latter  mixture  was  found  by  Marckwald  and  McKenzie  to 
yield  on  hydrolysis  by  alkali  an  acid  which  was  generally  inactive  and 
in  some  cases  feebly  hevorotatory.  This  result  is  due  much  more  to  the 
racemising  effect  of  alkali  than  to  the  partial  racemisation  by  heat  of 
the  isomeric  ester.s.  Marckwald  and  McKenzie  {Ber.,  1901,  34,  472) 
quote  the  following  experiment.  Molecular  weights  of  ?-mandelic  acid 
and  ^-menthol  were  heated  for  1  hour  at  155°,  when  it  was  found  that 
the  unesterified  acid  had  not  undergone  any  racemisation ;  when  the 
esterified  portion,  however,  was  hydrolysed  by  alcoholic  potassium 
hydroxide,  the  ^menthol  recovered  had  undergone  no  racemisation, 
but  the  acid  gave  the  value  [ajn  -55°,  the  value  for  /-mandelic  acid 
being  -  153°  in  aqueous  solution.  When  one  of  us  repeated  this 
experiment,  using  the  same  amount  of  alkali  for  the  hydrolysis  but 
varying  the  conditions  of  temperature  and  concentration,  the  acid 
recovered  had  [a]o  -  6°,  whilst  the  unesterified  acid  and  tho  menthol 
had  not  undergone  any  racemisation. 

The  action  of  heat  on  ^-menthyl  cZ-mandelate  and  on  ^menthyl 
^-mandelate  respectively  was  examined  in  order  to  show  that  those 
esters  actually  underwent  partial  racemisation  by  heat,  but  that  the 
difference  in  the  rate  of  racemisation  was  in  itself  insuificient  to  account 
for  the  results  obtained  on  the  hydrolysis  of  mixtures  of  unequal 
amounts  of  those  two  esters.  ^-Menthyl  fZ-mandelate,  having  [a]o° 
-7-6°  for  c  =  3-5956  in  ethyl  alcohol  (Trans.,  1904,  85,  1254),  was 
heated  in  an  oil-bath  at  155°  for  4  hours  ;  the  product,  when  dissolved 
in  ethyl  alcohol,  then  gave  ^-2,  c  =  5-279,  aj?"  -  1-91°,  [ajf  -  18-1° 
When  the  same  ester  was  heated  for  a  longer  time,  namely,  for 
16  hours  at  150°,  the  product  then  gave  in  ethyl  alcohoH  =  2,  c  = 
8-610,  af  -  4-67°,  [a  ]i^'°  -  27-1°.  When  Z-menthyl  ^mandelate,  having 
[a]iJ°  -138-6°  for  c  =  4-3732  in  ethyl  alcohol,  was  heated  at  155° 
for  4  hours,  the  rotation  of  the  product  in  ethyl-alcoholic  solution  was 
l  =  \,G  =  5-580,  a}^"  -  7-64°,  [  a  Y^'  - 136-9°.  When  the  same  ester  was 
heated  for  16  hours  at  150°,  the  rotation  of  the  product  in  ethyl- 
alcoholic  solution  was  : 

Z  =  2,  0=10-191,4"' -26-83°,  [a]i?'- 131-6°. 

These  isomeric  esters  are,  accordingly,  partially  racemised  by  heat  in 
such  a  manner  that  the  optical  inversion  takes  place  round  the  asym- 
metric carbon  atom  to  which  the  mandelic  complex  is  attached,  whilst 
no  inversion  takes  place  in  the  menthyl  grouping.  The  rotation  of 
the  (Z-mandelate  rises  during  the  inversion  to  an  extent  greater  than 
the  fall  of  the  value  of  the  ^-mandelate.  The  inference  is  that  if 
^-menthyl  c?^mandelate  were  heated,  a  mixture  of  unequal  amounts  of 
?-menthyl  cZ-mandelate  and  ^menthyl  /-mandelate  containing  an  excess 
of  the  latter  ester  would  be   formed.     This    was  the  case,  since,  when 
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^menthyl  cZ^mandelate  (Trans.,  1904,  85,  384)  was  heated  for  4  hours 
at  155°,  its  specific  rotation  increased  to  the  extent  of  -  1-5°. 

Before  the  racemising  effect  of  alkali  during  the  hydrolysis  of  the 
menthyl  esters  of  the  active  mandelic  acids  was  known,  several  unsuc- 
cessful  attempts  were  made  by  one  of  us  to  prepare  ^-mandelic  acid 
from  the  r-acid  by  converting  the  latter  into  ^menthyl  t/Z-mandelate, 
heating  the  latter  at  155°  for  3  hours,  and  then  hydrolysing  the  pro- 
duct with  an  excess  of  alkali.  Although  unequal  amounts  of  the 
d-  and  Z-mandelates  were  undoubtedly  formed  by  the  action  of  heat  on 
the  partially  racemic  ester,  the  acid  obtained  was  invariably  quite 
inactive.  This  negative  result  is  of  some  interest,  however,  in  con- 
nection with  the  recent  publication  of  Marckwald  and  Paul  (Ber.,  1905, 
38,  810),  who  describe  a  novel  method  of  obtaining  an  active  com- 
pound from  its  inactive  form,  and  employ  it  in  converting  ?'-mandelic 
acid  into  the  cZ-acid  with  the  aid  of  anhydrous  brucine. 

The  authors  desire  to  express  their  indebtedness  to  the  Research 
Fund  Committf  e  of  the  Chemical  Society  for  a  grant,  which  has  partly 
defrayed  the  expenses  of  this  investigation. 
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CVJI. — Synthesis  from    Glucose   of  an  Octamethylated 
DisaccJiaride.     Methylation  of  Sucrose  and  Mcdtose. 

By  Thomas  Purdie,  F.R.S  ,  and  James  Colquhoun  Irvine,  Ph.D.,  D.Sc. 
(Carnegie  Fellow). 

E.  O.  VON  LiPPMANN,  in  the  recent  edition  of  his  Chemie  der  Zuckerarten, 
remarks  that  the  configuration  of  the  disaccharides  is  at  present  com- 
pletely unknown  ;  and  although  this  may  be  thought  to  be  too  sweeping 
a  statement,  it  will  be  generally  admitted  that  much  uncertainty  still 
prevails  with  respect  both  to  the  constitution  and  configuration  of  even 
the  common  disaccharides.  The  problem  presents  two  difficulties : 
first,  that  of  ascertaining  the  particular  isodynamic  form  assumed  by 
the  monose  residues  contained  in  the  disaccharide ;  and,  secondly,  that 
of  determining  among  various  possibilities  the  mode  in  which  these 
components  are  united.  The  study  of  the  stereoisomeric  alkylgluco- 
sides  and  recent  research  on  the  isodynamic  forms  of  the  simple  sugars 
have  contributed  much  towards  the  removal  of  the  former  difficulty. 
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but  the  solution  of  the  latter   must  be   looked  for  in  the  direction  of 
synthesis. 

The  practical  diificulties  attending  the  synthesis  of  disaccharides 
from  the  simple  sugars  are  well  known.  The  latter  compounds  are 
prone  to  undergo  radical  change  under  the  action  of  condensing  agents  ; 
the  process  of  condensation  in  the  presence  of  water,  which  in  the  case 
of  sugars  is  the  only  permissible  solvent,  is  incomplete,  and,  even  if 
the  synthesis  is  effected,  owing  to  the  number  of  hydroxyl  groups  in 
the  compounds,  it  is  impossible  to  say  precisely  how  the  condensation 
has  occurred.  In  recent  work,  such  as  that  of  Fischer  and  Armstrong 
{Ber.,  1902,  35,  3U4),  Koenigs  and  Knorr  {Ber.,  1901,  34,  980),  and 
others,  the  acetohalogen  and  similar  derivatives  of  the  sugars  have  been 
employed.  It  occurred  to  us  that  the  alkyl  ethers  of  the  sugars, 
which  we  have  recently  prepared,  should  be  well  adapted  for  experi- 
ments on  direct  condensation.  Tetramethyl  glucose,  whilst  having  in 
general  the  characteristic  properties  of  glucose,  should  offer  greater 
resistance  to  the  destructive  effects  of  the  condensing  agent,  and  also 
admit  of  the  choice  of  a  chemically  indifferent  solvent.  It  is  true 
that  by  its  condensation  only  a  methylated  disaccharide  would  be 
formed,  from  which  probably  the  unsubstituted  sugar  could  not  be 
procured,  yet  it  seemed  likely  that  the  synthesis  might,  nevertheless, 
elucidate  the  process  of  the  condensation  of  the  sugars  themselves. 
The  use  of  tetramethyl  glucose  at  least  simplifies  greatly  the  problem 
in  hand,  and  whether  the  substance  is  supposed  to  exist  in  the  gluco. 
sidic  or  the  aldehydic  form,  there  is  but  one  hydroxyl  group  in  each 
molecule  to  participate  in  the  reaction,  and  in  either  case  the  position 
of  that  group  is  known  (Trans.,  1903,  83,  1027).  The  possibility  of 
an  "  acetal  union  "  of  two  molecules  is  precluded,  and  condensation 
can  occur  only  in  the  stnse  of  the  three  following  formulae,  according 
as  the  two  uniting  molecules  assume  (I)  the  y-oxide,  (II)  the  aldehydic 
form,  or  (III)  one  molecule  the  y-oxide  and  the  second  the 
aldehydic    form. 

I.  II. 

CH.2-0Me  CH.-OMe  CH.3-0Me  CH^-OMe 

CH-OMe  CH-OMe  CH-OMe  CH-OMe 

^CH  ^CH  CH 0 CH 

0  (CH-OMe),      0(CH-OMe)o  (CH-0Me)2  (CH-OMe), 

^CH 6 ^CH  ^  CHO        ^  CHO 

III. 

CHo-OMe  CHo-OMe  | 

CH-OMe  CH-OMe  \ 

^CH  CH 

0(CH-0Me)2  (CH-OMe). 

^CH 0  CHO 
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On  heating  a  solution  of  tetrametliyl  glucose  in  benzene  containing 
0-33  per  cent,  of  hydrogen  chloride  in  a  sealed  tube  at  105 — 115°,  the 
solution  became  turbid  from  separation  of  water,  the  rotatory  power 
gradually  increased,  and  the  reducing  power  towards  Fehling's  solution 
almost  entirely  disappeared.  The  syrup  obtained  from  the  solution 
could  not  be  made  to  ciystallise,  but  it  was  found,  contrary  to  expect- 
ation, to  distil  without  decomposition  under  reduced  pressure  (boiling 
point  180 — 190°/14  mm.),  and  it  was  thus  purified.  Combustion  and 
an  estimation  of  methoxyl  showed  the  compound  to  have  the  composi- 
tion of  an  octamethyl  diglucose  anhydride.  The  molecular  weight  by 
the  cryoscopic  method  in  a  dilute  aqueous  solution  was  371,  a  number 
certainly  much  less  than  the  calculated  value  454,  but  considerably 
larger  than  that  similarly  found  for  tetramethyl  glucose,  namely,  222. 
The  compound,  unlike  tetramethyl  glucose,  displayed  no  multirotation, 
and  its  specific  rotation  in  methyl  alcohol  was  135 '9°,  the  permanent 
specific  rotation  of  the  pax^ent  compound  being  83"1°.* 

The  distilled  substance  had  practically  no  action  on  hot  Fehling's 
solution,  but  on  hydrolysis,  which  was  readily  effected  by  warming 
with  dilute  aqueous  hydrochloric  acid,  the  reducing  action  was 
vigorous.  Tetramethyl  glucose  was  reproduced  in  the  hydrolysis,  and 
was  the  only  product  detected ;  the  amount  of  this  compound  recovered 
also  indicated  that  it  was  the  sole  product  of  the  action. 

The  above  observations  show  that  in  the  reaction  described  two 
molecules  of  tetramethyl  glucose  condensed  to  form  an  anhydride  of 
glucosidic  structure,  that  is  to  say,  an  octamethyl  glucosidoglucoside. 
This,  so  far  as  we  are  aware,  is  the  first  recorded  instance  of  the 
synthesis  of  a  derivative  of  a  disaccharide  of  the  non-reducing  t)pe, 
represented  by  sucrose  and  trehalose. 

With  respect  to  the  constitution  of  the  compound,  its  ready  hydrolysis 
by  dilute  hydrochloric  acid  is  at  variance  with  the  stable  oxidic  linkage 
of  formula  II ;  also  the  presence  of  the  aldehydic  group  in  this  and  in 
formula  III,  even  in  the  absence  of  hydroxyl  groups,  implies  almost 
certainly  some  reducing  action  towards  Fehling's  solution,  whereas  our 
substance  does  nob  exhibit  this  property.  Formula  I  must  therefore 
be  assigned  to  the  compound.  Since  each  of  the  glucoside  groups  can 
exist  in  the  so-called  a-  and  /3-forms,  the  formula  represents  three 
stereoisomerides,  namely,  the  aa-,  ^^8-,  and  a/3-modifications.  As  in  the 
method  of  condensation  used  a-  and  /3-glucosides  are  commonly 
produced  simultaneously,  our  product  is  probably  a  mixture  of  the 
three  forms  indicated.  The  substance  was  found  to  undergo  at  least 
partial  hydrolysis  under  the  action  of  emulsin,  and  this,,  according  to 

*  This  value  refers  to  the  etliyl-alcoholic  sohition,  but  the  rotatory  jjower  varied 
little  iu  solvents  of  this  class. 
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Fischer's  observations  {Ber.,  1895,  28,  1429),  indicates  the  presence  of 
one  or  both  of  the  forms  having  the  /3-linkage. 

We  have  previously  shown  (Trans.,  1903,  83,  1036)  that,  by  the 
methylation  of  sucrose,  an  octamethyl  sucrose  is  apparently  produced 
which  on  hydrolysis  yields  tetramethyl  glucose — an  observation  of 
interest  on  account  of  its  bearing  on  the  constitution  of  the  parent 
disaccharide.  In  view  of  our  experience  in  the  distillation  of  octa- 
methyl glucosidoglucoside,  it  seems  pi-obable  that  the  purification  of 
octamethyl  sucrose  might  also  be  effected  by  distillation,  and  we  intend, 
therefore,  to  resume  the  investigation.  In  the  meantime,  we  give  in 
the  sequel  the  results  of  some  experiments  on  the  methylation  of 
sucrose,  made  since  the  date  of  the  above-mentioned  communication. 

We  also  describe  experiments  on  the  methylation  of  maltose,  which 
were  undertaken  with  the  view  of  elucidating  the  constitution  of  the 
sugar.  The  linkage  of  the  glucose  residues  in  maltose  was  formerly 
supposed  by  Fischer  {Ber.,  1889,  22,  1942)  to  be  of  the  acetal  type,  and 
Scheibler  and  Mittelmeier  {Ber.,  1889,  22,  3123)  supported  his  opinion. 
Later,  however  {Ber.,  1893,  26,  2405),  Fischer  proposed  the  formula 

CHO-[CH-OH]j-CH2-0-CH-[CH-OH],-CH-CH(OH)-CH2-OH 

' 0 ^ 

as  best  expressing  the  analogy  found  to  exist  between  disaccharides 
and  the  simple  glucosides.  By  methylation  of  the  sugar  and  subsequent 
hydrolysis,  it  should  be  possible  to  distinguish  between  the  two  modes 
of  linkage.  The  glucose  residue  containing  the  free  aldehydic  group 
would  presumably  be  oxidised  in  both  cases  by  the  silver  oxide  used  in 
the  methylation,  but  the  non-aldehydic  half  of  the  molecule  should, 
according  to  the  former  constitution,  give  on  hydrolysis  a  pentamethyl 
glucose,  and,  according  to  the  latter,  the  tetramethylated  sugar.  We 
find  that  tetramethyl  glucose  is  present  in  the  product  of  hydrolysis, 
and  the  glucosidic  linkage  is  thus  confirmed. 


Experimental. 

Octamethyl  G lucosidoglucoside, 

Tetramethyl  glucose  dissolved  in  ether  (freed  from  alcohol)  contain- 
ing 0*4  per  cent,  of  hydrogen  chloride  was  heated  for  30  hours  at  105° 
in  a  sealed  tube,  when  condensation  apparently  occurred,  as  the 
product  had  only  a  slight  action  on  Fehling's  solvition,  but  recovered 
this  power  on  warming  with  dilute  hydrochloric  acid.  The  product 
was,  however,  highly  coloured,  and  in  further  experiments  pure  benzene 
was  substituted  for  ether. 
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When  tetramethyl  glucose  was  heated  in  benzene  containing  025  per 
cent,  of  hydrogen  chloride  for  10  hours  at  40°  in  a  sealed  tube,  the 
rotatory  power  of  the  solution  underwent  no  change,  and  the  crystalline 
aldose  was  recovered  unaltered.  When  the  temperature  was  raised  to 
120°,  the  solution  assumed  a  sti^aw-yellow  colour  and  became  turbid, 
owing  to  the  separation  of  water.  After  it  had  been  clarified  b/ 
shaking  with  a  little  solid  calcium  chloride,  the  rotatory  power,  which 
initially  in  a  2-dcm.  tube  was  +3-51°,  was  found  to  have  increased  to 
4'53°.  The  syrup  obtained  from  the  solution  deposited  a  crystalline 
crop  of  short,  rectangular  prisms,  quite  different  from  the  ordinary  form 
of  tetrairethyl  glucose,  but  on  crystallising  these  from  light  petroleum 
they  assumed  the  acicular  form  characteristic  of  the  substance? 
which  was  also  further  identified  by  its  melting  point  and  rotatory 
power.  The  uncry stall isable  part  of  the  product  had  hardly  any  action 
on  Fehling's  solution,  and  its  alcoholic  solution,  the  rotatory  power  of 
which  was  notably  higher  than  that  of  tetramethyl  glucose,  showed  no 
multirotation  on  adding  a  trace  of  ammonia.  Action  had  occurred, 
but  was  incomplete.  We  record  the  following  preparation  in  detail  in 
illustration  of  the  method  of  procedure  finally  adopted. 

Tetramethyl  glucose  (3-6  grams,  melting  at  86 — 88°)  was  dissolved  in 
pure  benzene  containing  0"33  per  cent,  of  hydrogen  chloride,  and  the 
solution,  measuring  50  c.c,  was  heated  for  10  hours  at  105 — 115°  in  a 
sealed  tube,  then  clarified  by  treatment  with  calcium  chloride,  neutralised 
by  shaking  with  barium  carbonate,  filtered,  and  evaporated  to  dryness. 
The  residual  syrup,  after  having  been  further  dried  in  ethereal  solution 
by  means  of  sodium  sulphate,  was  dissolved  in  a  fresh  quantity  of  the 
benzene  solution  of  hydrogen  chloride,  again  heated  and  treated  as 
described,  the  treatment  being  carried  out  three  times.  The  specific 
rotatory  power  of  the  original  benzene  solution  was  87'5°,  and  after 
each  of  the  three  periods  of  heating  was  100°,  128°,  and  133-6°  re- 
spectively. The  product,  isolated  as  described,  was  a  viscid  liquid  very 
soluble  in  organic  solvents  generally,  including  cold  light  petroleum, 
and  soluble  also  in  water,  although  notably  less  so  than  tetramethyl 
glucose.  Nucleation  with  the  latter  no  longer  caused  crystallisation,* 
and  the  action  on  Fehling's  solution  had  almost  entirely  disappeared. 

On  distilling  the  substance  under  14  mm.  pressure,  0'8  gram  was 
collected  at  150—155°,  and  1-2  grams  distilled  freely  at  180—190°  as 
a  colourless  syrup,  and  the  residue,  when  decolorised  with  animal 
chai'coal  and  recovered,  weighed  0-4  gram.  The  action  on  Fehling's 
solution  of  the  more  volatile  fraction,  although  slight,  was  quite 
evident,  that  of  the  less  volatile  fraction  was  just  perceptible,  whilst 
the  residue  was  quite  devoid  of  action.     Contrary  to  our  experience  in 

*  After  some  mouths,  a  minute  quantity  of  crystalline  matter  was  deiiosited, 
which  apparently  was  tetramethyl  glucose. 
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distilling  mixtures  of  tetramethyl  glucose  and  its  methylglucosides,  in 
the  pi'esent  case  the  glucosidic  portion  was  in  the  less  volatile  part  of 
the  product,  a  result  to  be  expected  on  the  assumption  that  self-con- 
densation of  the  sugar  had  occurred.  The  second  fraction  was  accord- 
ingly examined,  with  the  following  results. 

The  substance  was  found  to  be  free  fi'om  chlorine  compounds,  and 
furnished  the  following  results  on  analysis  : 

0-1374  gave  0-2654  CO^  and  0-1050  H,0.     0  =  5268;  H  =  8-49. 
0-1966     „     by  Zeisel's  method  0-8 124"  Agl.     OCH3  =  54-54. 
^i2Hu03(0'CH3)s  requires  C  =  52-86  ;  H  =  8-37  ;  0CH3  =  54-62  per  cent. 

The  combustion  of  a  second  distinct  preparation  gave  0  =  52*63, 
H  =  8-58  per  cent. 

As  tetramethyl  glucose  is  associated  in  benzene  (Trans.,  1904,  85, 
1060),  but  shows  the  normal  molecular  weight  in  water,  the  molecular 
weight  in  the  present  instance  was  taken  in  aqueous  solution,  the 
material  used  being  from  the  second  preparation.  In  the  case  of  the  most 
concentrated  solution,  namely,  about  10  per  cent.,  the  substacce  dis- 
solved with  difficulty,  and  the  number  found  by  the  cryoscopic  method 
was  much  too  low,  being  277  instead  of  454.  With  decreasing  con- 
centration, however,  the  values  found  increased  rapidly ;  they  were 
310,  353,  and,  finally,  371,  in  the  most  dilute  solution  employed 
(abovit  5  per  cent.). 

The  rotatory  power  of  one  of  the  analysed  specimens  was  observed 
in  methyl  alcohol  with  the  following  result :  c=  6-226,  ?=  1,  ai?°  =  8-46°, 
hence  [a] u°  =  135-9°.  No  change  of  rotation  could  be  detected  after 
24  hours,  and  the  addition  of  a  trace  of  ammonia  did  not  produce  any 
effect.  The  rotatory  power  in  water,  which  was  determined,  however, 
only  approximately,  was  considerably  higher  than  in  methyl  alcohol. 

In  order  to  study  the  hydi'olysis  of  the  compound,  about  0-6  gram 
was  dissolved  in  8  per  cent,  aqueous  hydrochloric  acid,  and  the  solution, 
10  c.c.  in  volume,  was  heated  at  100'^  for  90  minutes.  The  observed 
rotation  of  the  solution  (Z=l)was  initially  8-84°,  after  15  minutes' 
heating  7-51°,  and  6-81°  after  45  minutes,  when  the  liquid  became  too 
turbid  for  further  observation.  The  product,  isolated  as  previously 
described  (Trans.,  1904,  85,  1059),  was  quite  colourless,  and  crystallised 
at  once  when  nucleated  with  tetramethyl  glucose.  After  two  crystal- 
lisations from  light  petroleum,  the  crystals  melted  at  86 — 87°,  and 
were,  therefore,  pvire  tetramethyl  glucose.  The  crystals  weighed  0-47 
gram,  or  about  78  per  cent,  of  the  weight  of  substance  taken.  In  the 
mother  liquors  nothing  could  be  detected  except  a  minute  quantity  of 
tetramethyl  glucose,  and  this  compound  therefore  appears  to  be  the 
sole  pi'oduct  of  the  hydrolysis. 

To  test  the  action  of  emulsin,  10  c.c.  of  an  aqueous  solution  contain- 
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ing  0'75  gram  of  the  compound,  to  which  0*5  gram  of  the  enzyme  had 
been  added,  was  heated  at  37°.  Initially,  the  solution  showed  no  action 
on  Fehling's  solution  ;  after  12  hours  the  action  was  quite  decided,  and 
after  24  hours  it  was  vigorous.  Tetramethyl  glucose  was  no  doubt 
produced,  but  even  after  60  hours'  heating  the  hydrolysis  was  still  so 
incomplete  that  the  compound  could  not  be  isolated. 

It  was  stated  above,  that  in  distilling  the  product  of  the  action  of 
hydrogen  chloride  on  tetramethyl  glucose  in  benzene  solution,  besides 
the  main  fraction,  a  smaller,  more  volatile  portion  was  collected.  On 
i-edistilling  this,  it  was  obtained  as  a  mobile  liquid  (b.  p.  125 — 130712 
mm.),  showing  in  methyl-alcoholic  solution  a  much  lower  dextro- 
rotation ([a  Jd'^  43-06'^)  than  the  methylated  sugar  already  described. 
It  contained  some  chlorinated  compound,  and  was  readily  hydrolysed 
by  dilute  hydrochloric  acid  with  the  production  of  tetramethyl  glucose. 
Analysis  of  the  material  did  not  lead  to  ahy  simple  formula,  and  it 
was  apparently  a  mixture,  containing  possibly  tetramethyl  chloro- 
glucose. 

Methylation  of  Sucrose. 

Ten  grams  of  sucrose,  when  methylated  by  the  process  previously 
described  (Trans.,  1903,  83,  1036),  gave  an  equal  weight  of  a  neutral, 
viscid  liquid,  not  very  soluble  in  water,  readily  so  in  alcohol,  ether, 
and  methyl  iodide,  and  devoid  of  action  on  Fehling's  solution.  The 
substance  not  having  been  distilled,  but  only  dried  in  a  vacuum,  the 
results  of  its  analysis  did  not  agree  very  closely  with  the  calculated 
numbers,  but  they  nevertheless  justify  us  in  concluding 
that  an  octamethyl  sucrose  is  the  main  product  of  the  methyl- 
ation. The  numbers  found  were  :  0  =  51-67,  H  =  8-32,  0CH3  =  50-93  ; 
Ci2Hi403(0-CH3)s  requiring  52-86,  8-37,  and  54-62  per  cent, 
respectively. 

The  specific  rotatory  power  of  the  ether  in  methyl-alcoholic  solu- 
tion (c=  5-146)  was  [a]o°  =51-5°.  On  hydrolysis  with  dilute  hydro- 
chloric acid,  the  dextrorotatory  power,  although  not  inverted,  Wcis  con- 
siderably diminished.  The  product,  which  reduced  Fehling's  solution 
on  warming,  contained  tetramethyl  glucose  and,  presumably,  also 
tetramethyl  fructose.  The  former  compound  crystallised  in  one  case 
direct  from  the  syrupy  product  of  the  hydrolysis,  in  other  cases  only 
after  fractional  distillation,  and  then  from  the  less  volatile  distillates, 
the  tetramethyl  fructose  having  evidently  the  lower  boiling  point.  A 
partial  separation  of  the  two  compounds  can  be  thus  effected.  By  re- 
peated distillation,  a  series  of  five  fractions  was  obtained,  boiling  between 
150°  and  185°  under  17  mm.  pressure,  the  most  volatile  of  which  had 
in  alcoholic  solution  the  specific  rotatory  power  9-1°,  whilst  the  least 
volatile  had  53-9°.     Tetramethyl  glucose  crystallised  at  once  from  the 
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two  less  volatile  fractions,  the  two  more  volatile  portions  remained 
liquid  after  four^  months,  whilst  the  intermediate  fraction  crystal- 
lised slowly  and  partially.  The  liquid  products  readily  condensed 
with  methyl  alcohol  containing  ()-25  per  cent,  of  hydrogen  chloride  by 
heating  at  40°,  the  action  On  Fehling's  solution  disappearing  in  the 
process.  It  was  found  impossible  to  separate  the  alkylated  fructoside 
from  the  isomeric  glucoside  by  fractional  distillation,  but  the  analysis 
of  the  mixture  gave  results  agreeing  with  the  composition  of  these 
compounds,  namely,  C  =  52-89,  H  =  8-91,  0CH3  =  58-7,  the  calculated 
numbers  for  glucoside  or  fructoside  being  52-80,  8-80,  and  62  per  cent, 
respectively. 

Methylation  of  Maltose. 

The  process  was  carried  out  as  in  the  case  of  sucrose,  but,  maltose 
being  soluble  in  methyl  alcohol,  no  water  was  required  in  the  first 
alkylation.  Two  successive  alkylations  in  the  former  solvent 
sufficed  to  furnish  a  product  soluble  in  methyl  iodide,  in  which  liquid 
alone,  therefore,  the  methylation  was  completed  by  two  further 
treatments. 

Oxidation  occurred  during  the  first  alkylation,  and  the  syrup 
resulting  from  it  was  acid  in  reaction.  The  final  product,  isolated  as 
in  previous  cases,  was  a  neutral,  rather  viscid  liquid  without  action  on 
Fehling's  solution  until  it  had  been  hydrolysed.  The  free  aldehydic 
group  was  presumably  oxidised  by  the  silver  oxide  and  subsequently 
methylated.  From  27  grams  of  maltose,  29  grams  of  the  product 
were  obtained. 

The  hydrolysis,  which  was  effected  by  heating  with  dilute  hydro- 
chloric or  sulphuric  acid,  was  attended  by  a  decrease  of  rotatory 
power,  and  the  completion  of  the  process  could  thus  be  ascertained  by 
polarimetric  observations.  The  solution  so  obtained,  after  neutralisa- 
tion with  barium  hydroxide,  was  evaporated  to  dryness,  and  the 
residual  syrup  was  extracted  with  boiling  alcohol.  A  mixture  of 
methylated  glucose  with  the  barium  salt  of  the  oxidation  acid  was 
thus  obtained,  from  which  the  former  was  extracted  with  ether. 
The  residual  syrup  from  the  evaporation  of  this  exti-act  could  not  be 
made  to  crystallise,  but  after  distilling  it  under  reduced  pressure 
(b.  p.  180 — 190715  mm.),  a  small  quantity  of  crystalline  tetramethyl 
glucose  was  deposited.  A  further  quantity  was  obtained  by  extract- 
ing the  syrup  with  boiling  light  petroleum,  in  which  tetramethyl 
glucose  is  soluble,  and  again  distilling  the  extract.  The  crystals 
melted  at  84 — 85°,  and  the  identity  of  the  compound  was  confirmed  by 
analysis,  which  gave  C  =  51*09,  H  =  8-38,  the  calculated  numbers 
being  50-80  and  8-55  per  cent.  The  unci-ystallisable  syrup,  insoluble 
in    boiling  light  petroleum,  was  distilled,  and  an   analysis    indicated 
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that  it  was  incompletely  methylated  glucose.  The  bearing  of  these 
observations  on  the  constitution  of  maltose  has  been  indicated  in  the 
introduction. 

Our  experience  with  methylglucoside  leads  us  to  conclude  that 
methylmaltoside  could  probably  be  completely  methylated  by  silver 
oxide  and  methyl  iodide  without  oxidation  occurring,  and  we  intend 
to  pursue  the  subject  in  this  direction.  We  have  already  prepared 
the  methyl  ethers  of  several  monoses  besides  glucose  and  galactose, 
and  propose  to  study  their  condensation  by  the  method  applied  in  the 
case  of  tetramethyl  glucose. 

Chemical  Research  Laboratory, 

United  College  of  St.  Salvator  and  St.  Leonard, 
University  of  St.  Andrews. 


CVIIL — The  Design  of  Gas-regulators  for  Thermostats. 

By  Thomas  Martin  Lowry. 

An  account  is  given  below  of  a  series  of  tests  which  was  made 
in  order  to  determine  the  efficiency  of  gag-regulators  of  different 
patterns,  and  two  new  and  especially  sensitive  types  of  regulator  are 
also  described. 

In  making  the  tests,  the  regulators  were  im-nersed  in  a  water-bath 
holding  about  30  litres,  which  was  stirred  by  means  of  a  small  paddle 
driven  by  a  water-motor.  After  adjusting  the  regulator  for  20°,  the 
temperature  of  the  bath  was  determined  at  frequent  intervals  by 
means  of  a  Beckmann  thermometer,  and  plotted  on  an  arbitrary  scale 
to  show  variations  of  Q-OOP  (Fig.  I). 

Of  the  six  regulators  tested,  one  was  a  large  example  of  the  Ostwald 
type,  whilst  the  remaining  five  were  toluene  regulators  of  different 
patterns.  In  the  Ostwald  regulator,  the  expanding  liquid,  a  30  per 
cent,  solution  of  calcium  chloride,  was  contained  in  a  U-tube, 
each  limb  of  which  was  12"  long  and  1"  in  diameter,  the  total  volume 
of  liquid  being  about  250  c.c.  The  mercury  was  contained  in  a 
U-tube  of  6  mm.  internal  diameter,  and  was  moved  through  about  3  mm. 
by  each  degree  of  change  of  temperature.  In  spite  of  the  large  bulk 
of  liquid,  the  regulator  was  the  least  sensitive  of  the  series,  and  gave 
rise  to  oscillations  of  temperature  having  an  amplitude  of  0-05°  and 
a  periodicity  of  20  minutes.  These  iluctuations  are,  however,  far  less 
serious  than  those  due  to  variations  of  gas  pressure,  since  a  change  of 
1"  (of  water)  in  the  pressure  might  alter  the  temperature  by  nearly 
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half  a   degree.     This   difficulty   may   be   partly  obviated   by   using  a 
pressure   regulator,  but   a  better   method   consists  in  increasing  the 
sensitiveness  of  the  i-egulator,  since  in  this  way  the   errors  due  to 
leakage,  evaporation,  &c.,  are  also  reduced  to  a  proportionate  extent. 
The  smallest  of  the  toluene  regulators  was  cylindrical  in  form,  and 


Minutes 


Fig.   I.  —  Variations  of  temperature  in  a  water-bath  when  using  gas-regulators  of 
different  patterns. 


differed  only  from  the  ordinary  pattern  (Ostwald-Luther,  Physiko- 
chemische  Messiuigen,  Fig,  40)  in  that  the  bulb  was  larger  than 
usual  and  enclose!  the  mercury  column  instead  of  foi-ming  a  U  with 
it.  The  cylinder,  8"  high  and  1"  in  diameter,  had  a  capacity  of  about 
75  c.c,  and  when  filled   with  toluene  caused  the  mercurv  in  a  2  mm. 
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tube  to  move  through  33  mm.  per  degree.  In  spite  of  its  small  size, 
the  regulator  was  thus  ten  times  more  sensitive  than  that  previously- 
described  ;  this  improvement  is  clearly  indicated  by  the  curve  of 
Fig.  I,  which  shows  that  the  period  of  oscillation  of  the  temperature 
of  the  bath  had  been  reduced  to  five  minutes  and  the  amplitude  to 
0"025°.  The  possible  error  due  to  changes  of  gas-pressure  still 
amounts,  however,  to  0'06°  per  inch  (vide  infra). 

Two  methods  were  adopted  in  order  to  obtain  a  further  increase  of 
sensitiveness  without  destroying  the  rapidity  of  action  of  the 
regulator.  In  the  fluted  regulators  (Fig.  II),  the  cylinder  was 
replaced  by  a  series  of  flat  bulbs  about  2"  in  diameter  and  1"  high, 
whilst  in  the  spiral  regulators  (Fig.  Ill)  the  liquid  was  enclosed  in 
a  long  coil  of  glass  tubing.  Both  forms  gave  very  satisfactory  results. 
Tests  were  made  with  a  large  fluted  regulator  (8"  x  2")  with  seven 
bulbs,  and  with  three  sizes  of  spiral  regulators  (8"  x  3"  x  |",  8"  x  4"  x  |", 
8"  X  6"  X  1").  The  constants  for  each  regulator  are  shown  in  the  table, 
whilst  a  series  of  curves  for  the  spiral  regulators  is  shown  in  Fig.  I. 
A  comparison  of  the  lower  curve  for  the  4"  spiral  with  the  upper 
curve  for  the  6"  spiral  does  not  show  the  improvement  which  might  be 
expected  to  result  from  the  increased  capacity.  The  advantage 
gained  was,  however,  to  be  seen,  not  only  in  the  increased  steadiness 
of  the  mean  temperature,  which  did  not  vary  by  0"01°  in  the  course  of 
a  month,  but  also  in  the  fact  that  the  larger  regulator  normally  gave 
the  sinuous  curves  shown  in  the  lower  part  of  the  figure.  This  effect 
was  due  to  the  slight  elasticity  of  the  spiral,  which  caused  the  mercury 
to  tremble  when  the  bath  was  stirred,  so  that  the  flame,  instead  of 
coming  on  and  off  at  regular  intervals,  was  constantly  flickering,  and 
thus  maintained  the  temperature  of  the  bath  without  oscillation 
within  one-  or  two-thousandths  of  a  degree  of  its  mean  tempera- 
ture. The  fluted  regulators  were  found  to  behave  in  a  similar 
manner. 

Three  other  points  may  be  illustrated  by  reference  to  the  curves  of 
Fig.  I. 

(1)  Adjustment  of  Gas  Supplies. — In  order  to  secure  a  close  regula- 
tion of  temperature,  it  is  desirable  to  make  the  bye-pass  as  large,  and 
the  supply  of  gas  passing  through  the  regulator  as  small,  as  may  be 
practicable.*  The  curve  for  the  3"  spiral  shows  the  improvement  that 
may  be  effected  by  reducing  the  size  of  the  main  gas  flame.  In  the 
earlier  part  of  the  curve,  the  heating  was  about  four  times  as  rapid  as 
the  cooling,  in  the  later  part  about  twice  as  rapid.  The  amplitude  of 
the  oscillations  was  reduced  in  the  ratio  of  3:2.     The  dotted  curve 

*  The  bye-pass  should  be  adjusted  by  means  of  a  glass  or  metal  tap  ;  an  india- 
rubber  tube  with  screw  clip  is  not  sufficiently  reliable,  as  the  aperture  is  liable  to 
close  up  and  extinguish  the  flame. 
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for  the  Ostwald  regulator  shows  a  similar  improvement  following  a 
reduction  in  the  supply  of  gas  to  the  regulator. 

(2)  Injiuence  of  Atmospheric  Temperature. — The  lower  curve  for  the 
4"  spiral  was  taken  when  the  room  temperature  was  15°,  the  average 
temperature  during  the  series  of  experiments  ;  the  upper  curve  was 
taken  when  the  temperature  had  fallen  to  12°.  The  effect  of  this 
fall  of  temperature  was  to  double  the  amplitude  of  the  oscillations,  a 
result  which  might  have  been  avoided  by  increasing  the  size  of  the  bye- 
pass. 

(3)  Variation  of  Gas  Pressure. — The  three  curves  for  the  6"  spiral 


Fig.  W.— Fluted  regulator.  Fig.  IW.—Sinral  regulator. 

Gas  enters  at  A  and  leaves  at  B  ;  the  bye-pass  is  through  the  hole  C  or  the  tap  F. 
The  cup  D  serves  to  catch  the  mercury  if  the  temperatiue  should  rise,  and  the 
bnlb  E  allows  for  contraction  if  the  temperature  should  fall. 


were  taken  on  three  consecutive  days.  The  gas-pressure  was  6 '5  cm. 
of  water  when  the  first  and  third  curves  were  taken,  7'5  cm.  when  the 
second  cvirve  was  taken.  The  normal  effect  of  this  increase  of  pressure 
would  be  to  raise  the  temperature  by  0'005°.  Actually  the  mean 
temperature  was  lowered  by  0-001°  to  0-002°.  These  observations 
seem  to  show  that  when  the  mercury  is  contained  in  a  narrow  tube 
(2  mm.  diameter)  variations  of  pressure  do  not  necessarily  alter  the 
temperature  of  the  bath.  This  is  probably  due  to  the  intervention  of 
VOL.   LXXXVIL  3   Z 
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surface-tension,  which  prevents  the  formation  of  bubbles  in  a  narrow 
tube,  so  that  mere  contact  between  the  glass  and  the  mercury  is 
sufficient  to  prevent  the  passage  of  gas.  In  wider  tubes,  the  change  of 
temperature  approximates  towards  that  deduced  from  the  alteration  in 
the  hydrostatic  pressure  of  the  gas. 


.Dimen- 

Sensitiveness. 

Oscillations. 

Tj-pe. 

Capacity. 

Mm.  per 
degree. 

Degree 
per  mm. 

Amplitude. 

Period. 

Ostwald 

2"xl2"xl" 

250  c.c. 

3  mm. 

0-3° 

0-0.5° 

20  rains. 

Cylinder    ... 

8"  X  1" 

75    „ 

33    ,, 

0-03 

0-025 

5    ,, 

Fhited    

8"x2" 

150    „ 

60    „ 

0-017 

0-010  * 

7    „     * 

Spiral     

8"x3"xi" 

120    „ 

37    „ 

0-027 

0-016 

5     „ 

8"  X  4"  X  i" 

190    ,, 

58    ,, 

0-017 

0-008 

3     „ 

"          

8"  X  6"  X  1" 

500    „ 

170    ,, 

0-006 

0-008  * 

2    „ 

*  These  regulators  did  not  normally  exhibit  any  oscillation. 
Westminster  Training  College, 

LOiNDON,    S.W. 


CIX. — Studies   in    Chlorination. 
Chlorine  on  Boiling  Toluene. 


II.     The    Action    of 
Pi^eliminary  Notice. 


By  Julius  Berend  Cohen,  Harry  Medforth  Dawson,  and 
Percy  Field  Crosland. 

The  object  of  the  following  experiments  was  to  ascertain  if  electrolytic 
chlorine,  evolved  in  presence  of  boiling  toluene,  entered  the  side  chain 
like  ordinary  chlorine  or  caused  substitution  in  the  nucleus.  The 
results  show  that,  under  the  conditions  of  the  experiments,  electrolytic 
chlorine  enters  the  nucleus  only,  and  also  that  the  rate  of  chlorination 
appears  to  be  more  rapid  than  that  of  ordinary  chlorine  evolved  from 
pyrolusite  and  hydrochloric  acid. 

The  electrolytic  chlorination  was  effected  in  the  apparatus  repre- 
sented in  the  diagram  on  p.  1035.  It  consists  of  a  300  c.c.  flask 
furnished  with  three  necks.  Carbon  electrodes  are  inserted  through 
corks  into  the  two  narrow  necks  and  an  upright  condenser  is  attached 
to  the  wide  neck.  The  contents  of  the  flask,  consisting  of  pure  toluene 
and  strong  hydrochloric  acid,    were   boiled  over  a   sand-bath   and  a 
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cvirrent  of  about  2  amperes  was  sent  through  the  acid.  The  difference 
of  potential  between  the  electrodes  was  about  3 "3 
volts.  The  current  was  stopped  when  the  upper 
layer  of  toluene  had  attained  the  requisite  specific 
gravity  (0'96  to  1"00).  The  toluene  layer  was 
then  separated  from  the  acid,  washed  with 
water  and  sodium  carbonate  solution,  and  finally 
dehydrated  over  fused  calcium  chloride.  By  dis- 
tilling until  the  thermometer  registered  150'^,  the 
unaltered  toluene  was  removed  from  the  chlori- 
nated products.  The  remainder  was  then  sepa- 
rated into  two  fractions  and  portions  of  each  were 
oxidised  with  potassium  permanganate.  The  acids 
obtained  were  partially  separated  by  distillation 
in  steam,  by  which  means  the  volatile  benzoic 
acid  was  obtained  in  an  almost  pure  condition. 
The  remaining  o-  and  jo-chlorobeuzoic  acids  were 
then  separated  by  fractional  crystallisation  from 
water,  in  which  the  para-compound  is  much  less 
soluble  than  the  ortho-compound. 

The  following  table  contains  details  of  two  experiments  canned  out 
in  this  manner  : 

Electrolytic  Chlorine. 


No.        Quantities. 


Quantity  of 
chlorination  Quantity 


product,     product. 
f  18 '6  grams 
(150—155°) 


90  e.c.  tohiene 
120    ,,    strong  HCl 


0-96 


oxidised. 
5  grams 


Yield. 
4  '8  grams 


(m.  p.  214—225') 


6  grams 
(residue) 


4  grams        4*2  grams 
(m.  p.  128 


Composition. 

Mainly  para- 

and  a  little 

ortho-chloro- 

benzoic  acid. 

About  70  and 

170°)  30  per  cent. 

of  p-  and  0- 

chlorobenzoic 

acids 
respectively. 


80  c.c.  toluene 
110    „    cone.  HCl 


0-965 


21 7  grams 
(150—156°) 


grams        6 '3  grams 

(m.  p.  208—226' 


7 '2  grams   6  grams        5*9  grams 
(residue)  (m.  p.  115 — 17 


About  90  and 

)  10  per  cent. 

of  p-  and  0- 

chlorobenzoic 

acids 
respectively. 
About  70  and 
I  30  per  cent, 
of  p-  and  0- 
chlorobenzoic 

acids 
respectively. 

In  order   to   determine  whether  the   carbon  electrodes  acted  as  a 
carrier  in  the  process  and  caused  the  chlorine  to  enter  the  nucleus,  the 
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same  apparatus  was  employed,  but  one  electrode  was  removed  and 
replaced  by  an  inlet  tube  which  conducted  ordinary  chlorine,  washed 
through  strong  sulphuric  acid,  into  the  apparatus  in  such  a  way  that 
each  bubble  of  gas  came  into  contact  with  the  remaining  electrode. 
Two  experiments  were  carried  out  with  this  apparatus.  The  first 
fraction  (b.  p.  150 — 160°)  was  not  examined,  for  at  first  we  errone- 
ously supposed  that  it  was  unlikely  to  contain  more  than  minute 
quantities  of  benzyl  chloride  (b.  p.  176°).  The  experiment  was  then 
repeated  using  a  capacious  retort  with  larger  quantities  of  toluene  and 
hydrochloric  acid  and  suspending  two  carbon  electrodes  in  the  liquid. 
This  experiment  is  recorded  under  No.  V  in  the  following  table  : 


Ordinary  Chlorine  with  Carbon  Electrodes. 


No.       Quantities. 


Sp.  gr 

of 
product. 


Quantity  of 
chlorination  Quantity 


III. 


100  c.c.  toluene 
100    ,,    cone.  HCl 


0'97 


product. 

11  grams 
(150—160°) 
8 '5  grams 

(residue) 


oxidised. 


Yield. 


Composition. 


4  grams        2*1  grams        About  70  per 
(m.  p.  100—180°)  cent,  of  ben- 
zoic acid  and 
30  per  cent,  of 
0-  and  ^-chloro- 
benzoic  acids. 


IV.   100  c.c.  toluene 


120 


cone.  HCl 


V.  240  c.c.  tohiene 
200    ,,    cone.  IICl 


105 


14  grams 
(150—163°) 

13  grams 
(163—185°) 


0-97<^ 


6  grams        3  '7  grams        About  70  per 
(m.  p.  90—170°)  cent,  of  ben- 
zoic acid  and 
30  per  cent,  of 
0-  and  ^-cliloro- 
benzoic  acids. 


44  grams     6  grams        4*8  grams        About  80  per 
(150—169°)  (m.  p.  110—114°)  cent,  of  ben- 

zoic acid  and 
20  per  cent,  of 
0-  and  ^-chloro- 
benzoic  acids. 
3  '4  grams        About  90  per 
(m.  p.  115—118°)  cent,  of  ben- 
zoic acid  and 
10  per  cent,  of 
0-  and^-chloro- 
benzoic  acids. 


40  grams     6  gr.ims 
(residue) 


The  chlorination  was  finally  carried  out  by  passing  ordinary  chlorine 
into  the  mixture  of  toluene  and  strong  hydrochloric  acid  in  the 
absence  of  carbon  electrodes.  The  results  of  two  experiments,  VI  and 
YII,  correspond  closely  with  those  of  III,  IV,  and  V,  inasmuch  as  the 
principal  product  is  benzyl  chloride.  The  first  of  the  two  experiments 
was  conducted  in  the  flask  with  three  necks,  the  second  with  larger 
quantities  in  a  retort. 
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Ordinary  Chlorine  loithoid  Carbon  Electrodes. 


No.        Quantities. 


VI.    90  c.c.  toluene 
120    ,,    cone.  IICl 


Compcsition. 


0-96 


VII.  200 

220 


toluene 
couc.  HCl 


Sp.  gr.    Quantity  of 

of        clilorination  Quantity 
product,     product,      oxidised.  Yiek 

10  grams  —  —  — 

(150—160') 

10 '5  grams   1  grams  2  grams  About  SO  per 

(residue)  (in.  p.  95 — 170°)    cent,  of  ben- 

zoic acid  and 
20  per  cent,  of 
0-  and^J-chloro- 
beuzoic  acids. 


40  grams     6  grams        5 '5  grams         About  SO  per 
(150—171°)      "  (m.  p.  114—118°)  cent,  of  ben- 

zoic acid  and 
20  per  cent,  of 
0-  and  ;o-chloro- 
benzoic  acids. 
32  grams     6  grams        3  '5  grams         About  90  per 
(residue)  (m.  p.  109 — US')  cent,  of  ben- 

zoic acid  and 
20  per  cent,  of 
o-and^-chloro- 
benzoic  acids. 


0-99 


It  follows  from  the  last  series  of  experiments  that  the  carbon 
electrodes  are  without  action  on  the  chlorination  process.  Attention 
is  drawn  to  the  fact  that  the  yield  of  benzoic  acid  from  the  residual 
product  of  chlorination  with  ordinary  chlorine  is  much  below  the 
theoretical  amount.  This  must  be  ascribed  to  the  character  of  the 
chlorination  product,  which  contains  a  considerable  quantity  of  other, 
possibly  additive,  compounds,  the  nature  of  which  has  not  yet  been 
ascertained. 

The  experiments  on  the  action  of  electrolytic  chlorine  are  being 
continued. 

The  University, 
Leeds. 


GX. — The   Detei^mination    of   Melting    Points   at    Low 
Temperatures. 

By  Leo  Frank  Guttmann,  Ph.D.,  A.T.C. 

Very  few  melting  points  have  been  determined  at  low  temperatures, 
and  it  seemed  desirable  to  work  out  an  easy  and  quick  method  capable 
of  giving  accurate  results. 

A  constantan-copper  junction  was  used,  although  eui-eka-copper  was 
found    to   be  equally  suitable.     The  constantan   wiro  was   h  mm.  in 
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diameter,  whilst  the  coppei'  wire  was  No.  32  (0'27  mm.),  doubly  covered 
with  cotton.  The  last  2  cm.  of  the  copper  wire  were  left  bare,  and 
the  joint  was  made  by  melting  the  copper  round  the  constantan  in  a 
smoky  blow-pipe  flame,  and  then  cooling  the  joint  in  alcohol  to  prevent 
oxidation.  One  junction  thus  prepared  was  placed  in  the  substance 
the  melting  point  of  which  was  to  be  determined,  and  the  other  junc- 
tion kept  in  melting  ice,  whilst  the  free  ends  of  the  wires  were  con- 
nected to  a  sensitive  galvanometer.  A  Thomson  mirror  galvanometer 
having  a  resistance  of  about  31  ohms,  suspended  one  metre  away 
from  a  fixed  millimetre  scale,  was  first  employed,  and  a  telescope  was 
used  to  take  the  readings.  A  difference  of  one  degree  of  temperature 
between  the  junctions  gave  a  scale  deflection  of  about  2  mm.,  and  0"5 
mm.  could  easily  be  read  and  0-25  mm.  estimated.  Satisfactory  results 
were  obtained,  but  as  the  sensitive  galvanometer  was  affected  by  the 
presence  of  iron  apparatus  in  its  neighbourhood,  it  was  replaced  by  a 
D  Arson val  instrument  with  a  plane  mirror,  put  in  series  with  a  man- 
ganin  resistance  of  about  700  ohms,  the  resistance  of  the  D'Arsonval 
galvanometer  being  about  800  ohms.  One  degree  difference  in 
temperature  produced  a  deflection  of  about  4  mm.,  and  as  I  mm.  could 
be  estimated  in  this  case,  one  could  easily  read  to  1/16°. 

To  calibrate  the  couple,  the  melting  and  boiling  points  of  the  follow- 
ing substances  were  ascertained  :  (1)  ice,  (2)  chloroform,  (3)  a  stiff 
paste  of  solid  carbon  dioxide  and  absolute  alcohol,  (4)  ether,  (5)  liquid 
air. 

Kahlbaum's  purest  chloroform  was  shaken  successively  with  water 
and  concentrated  sulphuric  acid  and  distilled  ;  its  melting  point  was 
taken  to  be  -63-2° ±02°  (Archibald  and  Mcintosh,  /.  Amer.  Ghem. 
Soc,  1904,  26,  305—306). 

The  temperature  of  the  carbon  dioxide  and  alcohol  paste,  some 
hours  after  its  preparation,  was  taken  as  -  78  "2°  (Travers,  Proc.  Roy. 
Soc,  1905,  74,  534). 

The  ether  was  dried  for  days  over  calcium  chloride  or  pho-phoric 
oxide  and  then  distilled  ;  both  methods  of  drying  gave  identical  results, 
and  the  melting  point  was  taken  as  -  117"6°±  0'03°  (Archibald  and 
Mcintosh,  ^oc.  cii.).     Olszewski  gives  -117'4°. 

The  temperature  of  the  liquid  air  was  determined  with  an  oxygen 
manometer. 

From  the  galvanometer  deflections  obtained  for  these  known  tem- 
peratures, a  calibration  curve  was  drawn,  A.  linear  equation  was 
also  found  connecting  temperature  and  deflections,  and  the  deviations 
of  the  values  from  the  true  temperatures,  calculated  by  the  help  of  the 
equation,  were  plotted  as  a  correction  curve.  The  temperature  corre- 
sponding to  a  given  deflection  was  then  calculated  by  aid  of  the 
equation,  and  corrected  from    the  curve.     The  mean  temperature  as 
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given  by  these  two  methods  of  interpolation,  which  always  agreed 
closely,  was  taken  as  the  correct  one.  There  being  so  few  standard 
known  temperatures  available  for  calibi'ation,  an  uncertainty  of 
perhaps  0-5°  to  1°  is  introduced,  although  in  the  neighbourhood  of 
the  calibration  points  the  results  are  believed  to  be  accurate  to  within 
0-2". 

To  carry  out  a  determination,  the  substance  was  placed  in  a  glass 
tube  17  cm.  long  and  1-3  cm.  in  diameter,  so  as  to  form  a  layer  about 
1  cm.  deep.  The  tube  was  closed  by  a  cork 
pierced  by  a  narrow  glass  tube  reaching  to  about 
7  cm.  above  the  surface  of  the  liquid,  and  the 
thermo-junction  passed  through  this  tube  and 
was  immersed  in  the  centre  of  the  liquid.  The 
glass  tube  was  then  placed  in  liquid  air  and  the 
li(piid  frozen  round  the  junction.  A  mixture 
of  equal  parts  of  ether  and  ethyl  bromide  was 
in  the  meantime  placed  in  a  cylindrical  Dewar 
vessel,  4  cm.  in  diameter  and  15  cm.  high,  so  as 
to  fill  it  to  a  depth  of  about  4  cm.  This  mix- 
ture was  cooled  by  pouring  liquid  air  into  a  glass 
test-tube  placed  in  it  until  the  tempei^ature  was 
5 — 10°  below  the  melting  point  of  the  sub- 
stance. This  melting  point  is  ascertained  ap- 
proximately by  watching  the  galvanometer  while 
the  substance  is  being  frozen  in  liquid  air.  The 
melting  point  tube  was  then  removed  from  the 
liquid  air  and  fixed  in  this  bath,  so  as  to  be 
about  half  a  cm.  distant  from  the  bottom  of 
the  Dewar  vessel.  The  galvanometer  was  then 
read  every  half-minute,  the  bath  being  agitated 
by  means  of  a  stirrer  consisting  of  two  stiff 
copper  wires  forming  a  stirrup,  and   carrying  at 

the  bottom  a  thin  annular  disc  of  cardboard  pierced  by  holes  round 
its  circumference  and  surrounding  the  melting  point  tube.  The  tem- 
perature falls  at  the  rate  of  about  1°  per  minute  (5  mm.  scale  deflec- 
tion), and  during  fusion  is  constant  for  about  1*5 — 3  minutes,  varying 
perhaps  1 — 2  mm.  (0'25 — 05°).  The  mean  of  these  constant  readings 
was  taken  as  the  melting  point.  The  tube  was  always  examined  after 
fusion,  and  the  substance  around  the  couple  was  then  seen  to  have 
melted,  whilst  a  mass  of  solid  still  remained  at  the  bottom  of  the 
tube.     The  following  results  were  obtained  : 
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Calibration  Points. 

Temperature.  Galvanometer  deflcctiou. 

0°  0  mm. 

-63-2  273-0     „ 

-78-2  332-0     „ 

-117-6  467-0     „ 

-190-8  680-0     „ 

Methyl  Alcohol. — The  methyl  alcohol,  when  freed  from  acetone  and 
distilled  over  sodium,  gave  -  98*3°  in  two  determinations.  A  sample 
was  redistilled  over  sodium,  when  two  determinations  gave  -  97-8°. 
This  temperature  may  be  taken  to  be  the  melting  point. 

vn-Xylene. — About  200  grams  of  a  sample  from  Kahlbaum  were 
distilled  over  sodium,  and  the  middle  fraction  boiling  at  138-4 — 138-7° 
(uncorr.)  redistilled  over  sodium.  The  melting  point  was  not  sharp, 
and  2  determinations  gave  —  54-9°.  A  portion  redistilled  over  sodium 
gave  -54-8°;  the  "  Chemiker  Kalender  "  indicates  -54-0°. 

Ethylhenzene. — A  pure  specimen  distilled  over  sodium,  boiling  at 
134-6—134-8°  melted  within  0-5°,  and  -928°  was  obtained  as  the 
mean  of  three  experiments. 

Toluene. — A  sample  from  Kahlbaum  distilled  over  sodium  did  not 
melt  sharply ;  the  mean  of  three  determinations,  which  differed  about 
0-5°  from  each  other,  was  -  94-2°.  A  very  pure  specimen  prepared  by 
Eamsay  and  Youog,  when  distilled  over  sodium,  gave  a  sharp  melting 
point,  namely,  -  92-4°  (four  experiments),  which  is  probably  correct. 
Archibald  and  Mcintosh  {loc.  cit.)  found  -  97°  to  -  99°. 

Ethyl  Chloride. — Two  samples  supplied  by  Kahlbaum  melted  within 
0-5°  and  gave  -  141*6°  (four  readings). 

Ethyl  Bromide. — About  300  grams  of  ethyl  bromide  were  prepared 
from  pure  alcohol,  freed  from  ether  by  shaking  with  concentrated 
sulphuric  acid,  dried  over  calcium  chloride,  and  distilled.  The  middle 
portion  of  the  distillate  was  again  dried  over  calcium  chloride  and 
distilled,  when  it  boiled  at  38-8 — 38'9°.  The  melting  point  was  not 
very  sharp,  and  the  mean  of  four  determinations  gave  -  11 7-8°.  The 
first  and  last  portions  of  the  main  distillate  melted  at  -  120°  and 
.- 120-3°  respectively.  A  sample  from  Kahlbaum  melted  at  -120°. 
The  melting  point  of  pure  ethyl  bromide  may  therefore  be  taken  as 
-118°. 

Special  Care  had  been  taken  over  this  substance,  because  Holborn 
{Wiedemann^ s Ann.,  1896,  59,  226)  gives  -  129-5°  as  the  melting  point, 
finding  -  117-6°  for  ether.  His  sample  had  probably  not  been  freed 
from  ether,  for  it  was  found  that  if  ether  was  added  to  pure  ethyl 
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bromide  a  melting  point  as  low  as  -136°  could  be  obtained.  Ethyl 
bromide  kept  for  some  time  in  a  stoppered  bottle  melted  at  about 
-120°. 

Ethyl  Iodide. — Pure  ethyl  iodide  dried  over  calcium  chloride  was 
distilled  (b.  p.  72-2 — 72-5°).  The  melting  point  was  sharp,  two  deter- 
minations giving  -  108-5°. 

Methyl  Iodide.  —  A  fresh  sample  from  Kahlbaum,  dried  over  calcium 
chloride  and  distilled,  boiled  at  42-8—43° ;  the  melting  point  was 
sharp,  and  two  determinations  gave  -  64-4°, 

Ethyl  Alcohol. — Pure  ethyl  alcohol  twice  distilled  over  sodium,  when 
cooled  in  the  glass  tube  by  direct  immersion  in  liquid  air,  became  moi-e 
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and  more  viscous,  and  finally  set  to  a  hard,  transparent  glass  having 
all  the  properties  of  a  solid  substance.  The  melting  point  tube  con- 
taining the  glassy  alcohol  was  then  placed  in  a  bath  containing  a 
partially  solidified  mixture  of  ether  and  ethyl  bromide,  and  the  galvano- 
meter noted  every  half-minute.  The  temperature  of  the  alcohol,  which 
was  originally  much  below  that  of  the  bath,  increased  quickly,  and, 
when  at  about  -  135°,  a  sudden  and  rapid  rise  occurred,  the  tempera- 
ture rising  nearly  20°  in  10  seconds,  and  ultimately  reaching  -  117-5°, 
The  alcohol  was  then  found  to  have  become  perfectly  white  and  crys- 
talline. If  the  temperature  of  the  bath  was  then  above  -  117°,  fusion 
occurred ;  if  it  was  below,  the  temperature  of  the  crystallised  alcohol 
decreased,  and  then  again  rose  slowly  until  fusion  took  place.     Much 
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heat  is  developed  during  crystallisation,  this  effect  being  clearly  shown 
in  the  curves  on  p.  1041.  The  alcohol,  when  frozen  in  the  tube, 
either  presented  the  appearance  of  a  clear,  glassy  mass  or  contained 
some  previously  formed  crystalline  nuclei,  and  the  mean  melting  point 
given  by  ten  determinations  was  -  117*3°.  When,  therefore,  vitreous 
alcohol  reaches  a  temperature  of  -  135°,  crystallisation  sets  in  sponta- 
neously and  explosively.  An  analogous  phenomenon  at  high  tempera- 
tures has  been  described  by  Guertler  {Zeit.  anorg.  Chem.,  1904,  40, 
276)  in  the  devitrification  of  certain  borates. 

Other  alcohols  have  this  property  of  setting  to  a  glass  and  of  crys- 
tallising explosively  when  the  temperature  is  raised,  but  it  has  not  yet 
been  found  possible  to  complete  their  investigation. 

The  melting  points  determined  are  shown  in  the  following  table  : 


Methyl  alcohol... 

-    97-8° 

Ethyl  chloride... 

-141-6^ 

Ethyl         „       ... 

117-3 

Ethyl  bromide... 

117-8 

m-Xylene 

54-8 

Ethyl  iodide     ... 

108-5 

Ethylbenzene    ... 

92-8 

Methyl  iodide  . . . 

64-4 

Toluene 

92-4 

As  the  melting  point  is  chiefly  dependent  on  the  purity  of  the  sub- 
stances employed,  the  foregoing  melting  temperatures  are  probably 
only  accurate  to  0'5°  or  1°. 

The  Chemical  Labokatory, 
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CXI. — Association  in  Mixed  Solvents. 

By  George  Barger. 

A  YEAR  ago  the  author  described  a  new  method  of  determining 
molecular  weights  (Trans.,  1904,  86,  286),  based  on  the  comparison  of 
the  vapour  pressures  of  two  solutions  in  a  capillary  tube,  and  it  was 
pointed  out  that  this  method  is  especially  useful  for  working  with 
mixtures  of  solvents.  It  seemed,  therefore,  of  interest  to  use  it  for 
the  study  of  the  degree  of  association  of  acids,  phenols,  &c.,  when  dis- 
solved in  mixtures  of  an  associative  with  a  non-associative  liquid.  As 
was  shown  by  Beckmann,  Paterno,  Biltz,  Auwers,  and  others,  sub- 
stances containing  a  hydroxyl  group  generally  have  abnormally  high 
molecular  weights  when  dissolved  in  such  solvents  as  benzene  and 
■chloroform  which  are  themselves  not  associated.  As  these  (hydroxyl- 
■ated)  substances  hav£  .normal  molecular  weights  in  such  solvents  as 
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phenol  and  acetic  acid,  the  question  arises  :  what  is  their  molecular 
weight  in  mixtures  of,  say,  alcohol  and  benzene  1  Two  cases,  those  of 
benzoic  acid  in  benzene  and  ethyl  alcohol  mixtures  and  of  cinnamic 
acid  in  chloroform  and  methyl  alcohol  mixtures,  were  described  in  the 
previous  paper  (p.  325).  Further  examples  have  been  studied  in  order 
that  general  conclusions  might  be  deduced. 

Of  each  pair  of  solvents,  one  was  associative,  the  other  non-associa- 
tive ;  their  boiling  points,  and  probably,  therefore,  also  their  vapour 
pressures  at  the  ordinary  temperature,  were  not  very  different. 

The  solutes  may  be  grouped  as  follows  : 

1.  Acids.  2.  Alcohols  and  phenols.  3.  Oximes  and  other  hydroxyl- 
ated  nitrogen  compounds. 

Organic  acids  are  strongly  associated  in  dilute  solution,  and  with 
increase  of  concentration  the  association  soon  reaches  a  maximum. 
They  were  mostly  examined  in  a  concentration  of  O'l — 0'2  mole 
(compare  footnote,  Trans.,  1904,  86,  295). 

With  phenols  and  alcohols,  the  association  increases  slowly  but 
steadily  with  the  concentration,  and  some  members  of  this  class  were 
studied  in  more  concentrated  solutions. 

Azobenzene  was  employed  as  the  standard  substance  in  nearly  all 
cases.  By  the  cryoscopic  method,  it  had  been  shown  to  have  a  normal 
molecular  weight  over  a  large  range  of  concentration  in  benzene 
solution  (Auwers,  Zeit.  physikal.  Chem.,  1893,  12,  713).  Moreover,  its 
use  as  a  standard  was  shown  to  be  well  justified  in  the  previous  com- 
munication on  this  method. 

For  a  few  mixtures  containing  a  large  percentage  of  alcohol,  in 
which  azobenzene  was  not  sufficiently  soluble,  a-naphthol  was  used  as  a 
standard  after  it  had  been  found  that  a-naphthol  was  normal  in 
mixtures  containing  less  alcohol. 

In  the  following  tables,  the  concentration  is  expressed  in  gram- 
molecules  per  litre  of  solution  and  the  composition  of  the  mixtures  in 
percentages  by  weight  of  the  non-associative  solvent.  For  each 
determination,  the  two  limiting  concentrations  of  the  standard  are 
given  in  gram-molecules  per  litre.  The  molecular  weights  have  been 
calculated  for  a  solution  midway  between  these  limits ;  the  association 
factor  {A)  or  ratio  of  the  observed  molecular  weight  to  the  "  normal  " 
one  has  also  been  tabulated. 

Curves  were  plotted  with  the  association  factor  as  ordinate  and  the 
percentage  composition  of  the  solvent  as  abscissa  ;  these  curves  are  dis- 
tinguished by  Roman  numerals. 
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I.  Cinnamic  Acid,  O'lO  mole  in 
Acetic  Acid  and  Toluene. 


A. 
0-97 
0-97 
1-03 
1-13 
1-21 
1-31 


C,HA=148 

Percentage 

of  acetic 

acid. 

Azobenzene. 

M. 

100-0 

0-10  —0-105 

144 

82-6 

0-10  -0-105 

144 

61-2 

0-095— 0-10 

152 

40-0 

0-085- 0-09 

167 

20-0 

0-08  -0-085 

179 

0-0 

0-075-0-08 

194 

II.  Cinnamic  Acid,  0-10  mole 
in  Pyridine  and  Toluene. 


CgH.O.^US 

Percentage 

"' 

of  pyridine 

Azobenzene. 

31. 

J. 

100-0 

0  10  -0-11 

141 

0-95 

21-8 

0-095—0-105 

148 

1-00 

11-0 

0-10  —0-105 

145 

0-98 

5-5 

0-975—0-10 

149 

1-01 

2-8 

0-095—0-099 

152 

1-03 

1-1 

0-085—0-09 

170 

115 

0-0 

0-075-0-08 

194 

1-31 

III.  Cinnamic  Acid,  0-20  mole  in 
Methyl  Alcohol  and  Chloro- 
form (compare  Trans.,  1904, 
86,  323). 


IV.  Benzilic  Acid,  0-10  mole  in 
Ethyl  Alcohol  and  Chloroform. 


^C,,H,A  =  228. 

Percentag 

of  ethyl 

alcohol. 

Benzil. 

M. 

A. 

100-0 

0-105-0-11 

213 

0-93 

70-0 

0-105—0-11 

213 

0  93 

40-4 

0-100—0-1025 

225 

0-99 

29-5 

0-095—0-0985 

236 

1-035 

20-0 

0-090-0-095 

246 

1-08 

10-0 

0-085—0-088 

276 

1-17 

0-0 

0-065-0-070 

338 

1-48 

V.  Benzoic  Acid,  0-20  mole  in 
Ethyl  Acetate  and  Benzene. 


VI.  Benzoic  Acid,  0*20  mole 
Acetone  and  Chloroform. 

CVHg02=122. 


Percentage 

of  ethyl 

Percentage 

acetate. 

Azobenzene. 

M. 

A. 

of  acetone. 

Azobenzene. 

M. 

A. 

100-0 

0-185-0-195 

128 

1-05 

100-0 

0-19  —0-20 

125 

1-02 

50-5 

0-180—0-185 

133 

1-09 

35-0 

0-19  —0-20 

125 

1-02 

20-2 

0-150—0-160 

157 

1-29 

11-8 

0-175-0-18 

132 

1-08 

10-1 

0-130—0-135 

1«4 

1-51 

5-5 

0-155-0-16 

155 

1-27 

5-0 

0-115—0-12 

208 

1-70 

2-7 

0-13  —0-136 

183 

1-42 

3-0 

0-11  -0-115 

217 

1-78 

1-6 

0-125- 0-13 

191 

1-57 

1-0 

0-105—0-11 

227 

1-86 

0-53 

0-11  —0-12 

210 

1-72 

0-0 

0-10  —0-105 

238 

1-95 

0-0 

0-105— 0-115 

222 

1-82 

VII.  Benzoic  Acid  in  Ethyl  Alcohol  and  Benzene  (compare  Trans.,  1904, 
86,  323). 


■^  > 


1-3 


1-2 


1-C 
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Fio.   1. — Acids. 
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Percentage  composition  of  solvent. 


100 


VIII.  Bromoacetic  Acid,  0-20 
mole  in  Ethyl  Formate  and 
Chloo'oform. 


C^HgOoBr^l 

39. 

of  ethyl 

formate. 

Azobenzeiie. 

M. 

A. 

100 

0-18  —0-19 

150 

1-08 

75 

0-175— 0-185 

154 

1-11 

50 

0-17  —0-175 

161 

116 

25 

0-155— 0-165 

174 

1-25 

10 

0-14  —0-15 

192 

1-38 

5 

0-13  —0-14 

206 

1-48 

0 

0-12  —0-13 

222 

1-60 

IX.  Bromoacetic  Acid,  0-20  mole 
in  Methyl  Acetate  and  Chloro- 
form. 


C2H302Br  =  139. 

of  methy 

acetate. 

Azobenzene. 

.1/. 

A. 

100 

0-19  — 0--20 

143 

1-03 

75 

0-18  —0-19 

150 

1-08 

50 

0-17  — 0-]8 

1,59 

1-15 

25 

0-16  —0-17 

168 

1-21 

10 

0-145-0-155 

185 

1-33 

5 

0-1.3.5—0-145 

198 

1-42 

0 

0-12  —0-13 

222 

IGO 
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X,   Bromoacetic  Acid,  0*20  mole 
in  Acetone  and  CJdoroforin. 


CsHgOoBr- 

139. 

Percentage 

C,«H3,0  =  242 

Percentage 

of  ethyl 

o-Naphthol ; 

of  acetone. 

Azobenzene. 

M. 

A. 

alcohol. 

azobenzene. 

M. 

A. 

100 

0-195— 0-205 

139 

1-00 

100-0 

0-29  —0-31 

242 

1-00 

50 

0-19  —0-20 

143 

1-03 

73-2 

0-28  —0-29 

255 

1-05 

25 

0-18  —0-19 

150 

1-08 

47-6 

0-26  —0-27 

274 

1-132 

10 

0-16  —0-17 

168 

1-21 

23-3 

0-235—0-245 

302 

1-25 

5 

0-135— 0-145 

198 

1-42 

0-0 

0-21  —0-23 

331 

1-37 

0 

0-12  —0-13 

222 

1-60 

Fig.  2 

—Bromoacetic  acid 

XI.   Getyl  Alcohol,  0-3  mole  in 
Ethyl  Alcohol  and  Benzene. 


•JO         30  40         50  60         70 

Percentage  composition  of  solvent. 


90        100 


XII.  Benzyl  Alcohol,  0-50  mole 
in  Acetone  and  Chloroform. 


XIII.  Chloral  Hydrate,  0-50  mc 
in  Acetone  and  Chloroform. 


C-HsO=108. 

^.^^Of,\  = 

165. 

Percentage 

Percentage 

of  acetone. 

Azobenzene. 

M. 

A. 

of  acetone. 

Azobenzene. 

M. 

A. 

100-0 

0-41—0-42 

130 

1-20 

100-0 

0-58  —0-60 

140 

0-85 

61-5 

0-44—0-46 

120 

1-11 

61-5 

0-55  —0-56 

149 

0'903 

35-0 

0-44-0-45 

121 

1-12 

35-0 

0-49  —0-50 

166 

1-006 

16-0 

0-42—0-43 

128 

1-18 

16-0 

0-44  —0-45 

185 

1-12 

5-5 

0-37—0-38 

143 

1-32 

5-5 

0-37  -0-38 

220 

1-33 

0-0 

0-31—0-32 

170 

1-57 

2-7 

0-32  —0-33 

254 

1-54 

0-0 

0-275—0-285 

295 

1-79 

The  abnormally  low  values  of  the  molecular  weight  in  the  first  two 
solutions  is  probably  due  to  dissociation  into  chloral  and  water  (com- 
pare Beckmann,  Zeit.  fhysikal.  Chem.,  1888,  2,  724). 
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XIV,  ]j-CresoJ,  0-4  mole  in 
Acetone  and  Chloroform. 


C7HsO=108 

Percentage 

ofacetone 

AzoLeiizene. 

M. 

100-0 

0-375—0-385 

114 

35-0 

0-375—0-385 

114 

16-0 

0-37  -0-375 

116 

86 

0-36  —0-37 

118 

5-5 

0-345—0-35 

124 

2-7 

0-31  —0-32 

136 

0-0 

0-26  -0-27 

163 

A. 

1  -055 
1  -055 
1-074 
1-092 
1-15 
1-26 
1-51 


XV.  ^-Hydroxybenzcddeliyde,  0-2 
')nole  in  Methyl  Alcohol  and 
Chloroform. 


C,HA=122. 

Percentage 

of  methyl 

alcohol. 

Azobenzene. 

M. 

A. 

100-0 

0-195- 0-205 

122 

1-00 

35-0 

0-195—0-205 

122 

1  00 

16-0 

0  185— 0-195 

129 

106 

5-5 

0-17  —0-175 

141 

1-16 

2-7 

0-155—0165 

153 

1-25 

1-6 

0-14  —0-15 

168 

138 

1-1 

0-13  —0-14 

181 

1-48 

The  last  substance  was  not  sufficiently  soluble  in  pure  chloroform 
to  make  a  solution  of  0'2  mole  at  the  ordinary  temperature. 


XVI.  Guaiacol,  0"2  mole  in  diethyl 
Alcohol  and  Chloroform. 


Percentage 

of  methyl 

alcohol. 

100  0 


Q,^^0^=\2L 


Azobenzene. 
0-18  -0-19 
0-18  —0-19 
0-17  -0-18 
0-155—0-16 
0-15  -0-16 
0-145-0-15 
0-145—0-15 
0-145- 0-15 
0-155—0-16 
0-16  —0-17 
0-17  -0-18 


M. 
134 
134 
142 
157 
160 
167 
165 
165 
157 
150 
142 


A. 
1-08 
1-08 
1-14 
1-26 
1-29 
1-35 
1-33 
1-33 
1-26 
1-21 
1-14 


XVII.  Benzaldoxime,  0-20  mole 
in  Methyl  Alcohol  and  Chloroform. 


C,H,0N  =  12 

1. 

Percentage 

of  methyl 

alcohol. 

Azobenzene. 

M. 

A. 

100-0 

0-195-0-205 

121 

1-00 

35  0 

0-195—0-205 

121 

1-00 

16-0 

0-185-0-195 

127 

1-05 

5-5 

0-17  —0-18 

138 

1-14 

2-7 

0-16  —0-17 

146 

1-20 

1-1 

0-145—0-155 

161 

1-33 

0-0 

0-13  —0-14 

179 

1-48 

XVIII.  (Enanthaldoxime,  0-20 
7nole  in  Ethyl  Acetate  and 
Benzene. 

C7Hi50N=129. 


A. 
1-05 
1-05 
1-11 
1-21 
1-38 
1-48 
1-60 


Percentage 

of  ethyl 

acetate. 

Azobenzene. 

M. 

100 

0 

0-185—0-195 

136 

75 

4 

0-18  —019 

139 

50 

5 

0-175- 0-185 

143 

25 

5 

0-16  -0-17 

156 

10 

2 

0-14  —0-15 

178 

5 

1 

0-13  —0-14 

191 

0 

0 

0  12  — 0  13 

206 

XIX.  Gam.jjhoroxime,  0-20  mole 
in  Pyridine  and  Toluene. 


C,oH,,ON  =  167. 

Percentage 

of  pyridine 

Azobenzene. 

M. 

A. 

100-0 

0-195—0-205 

167 

1-00 

52-7 

0-19  —0-20 

171 

1-02 

27-1 

0-18  —0-19 

181 

1-08 

11-0 

0-165-0-175 

197 

1-18 

9-8 

0-16  -0-17 

202 

1-21 

5-5 

014  —0-15 

230 

1-37 

3-4 

0-13  —0-14 

247 

1-48 

1-1 

0-125—0-135 

260 

1-56 

0-0 

0-12  —0-13 

267 

1-60 
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Fig.  3. — Alcohols  and  plienoh. 
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XX.  Acetophenoneoxime,  0*20  mole 
in  Ethyl  Alcohol  and  Carbon 
Tetrachloride. 


A. 
1-02 
1-06 
1-06 
1-14 
1-21 
1-36 
1-60 


CgHgON-lSS 

Percentage 
of  alcohol. 

Azobenzene. 

M. 

100 

0-195— 0-20 

138 

50 

0-185— 0-19 

144 

25 

0-185— 0-19 

144 

10 

0-17  —0-18 

154 

5 

0-16  —0-17 

164 

2 

0-145—0-15 

183 

0 

0-12  —0-13 

216 

XXI.  Forinanilide,  0-50  mole   in 
Pyridine  and  Toluene. 


aH70N  =  121 

. 

Percentage 

of  pyridine 

.  Azobenzene. 

M. 

A. 

100-0 

0-51  —0-52 

118 

0-98 

52-7 

0-48  —0-49 

125 

1-03 

32-3 

0-42  —0-43 

142 

l-]7 

16-5 

0-35  -0-36 

170 

1-40 

11-0 

0-31  — 0-.32 

192 

1-58 

5-5 
ft-n 

0-275-0-285 
n-91?;    f\--')9^ 

220 

980 

1-82 
2-31 

Discussion  of  Results. 

The  chief  fact  brought  out  by  this  -work  is  that  the  molecular 
weight  is  normal  in  most  mixtures  ;  association  only  persists  when  the 
percentage  of  the  dissociative  solvent  is  small.  The  curves  descend  at 
first    steeply  and  then  more  slowly  until  they  become  horizontal  or 
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nearly  so.  This  tendency  is  most  marked  with  acids  and  oximes ; 
among  the  cases  examined,  guaiacol  in  methyl  alcohol  and  chloroform 
is  the  only  exception. 

Fig.    i. — Oximes. 


10         20         30  -10  50         60  70  SO         90         100 

Percentage  compos  it  ion  of  solvent. 


The  first  explanation  which  suggested  itself  was  that  the  surface 
layer  of  the  mixture  tends  to  be  composed  of  the  dissociative  solvent 
only.     This  may  be  so  to  some  slight  extent,  but  the  measurements  of 
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the  molecular  surface-energy  of  mixtures,  as  carried  out  by  Ramsay 
and  Aston  {Trans.  Royal  Irish  Acad.,  1902,  32,  93),  show  that  although 
a  difference  may  exist  between  the  surface  layer  and  the  interior  of 
the  liquid,  such  a  difference  is  too  small  to  explain  the  present 
results. 

On  the  other  hand,  the  general  form  of  the  curves  is  exactly  what 
one  would  expect  in  the  light  of  the  modern  views  of  the  action  of 
solvent  on  solute,  as  developed  by  Walden,  Abegg  (^Zeit.  anoi^g.  Chem., 
1904,  39,  330),  and  others.  The  associative  solvents  allow  the  pre- 
existing complexes  of  the  solute  to  continue  their  existence  in  solution. 
The  solvents  of  the  other  group  break  up  these  complexes  into  single 
molecules,  and  then  form  loose  molecular  compounds  with  them  by 
means  of  their  latent  valencies. 

Hence  two  balanced  actions  take  place  : 

(1)  Complexes  of  solute  ;=^  single  molecules  of  solute. 

(2)  Solvent  +  single  molecules  of  solute  ;=!:  compound  of  solvent 
with  solute. 

In  a  dilute  solution,  the  influence  of  the  solvent  preponderates  and 
nearly  all  the  molecules  of  the  solvent  are  singly  combined  with  the 
solvent  so  that  the  molecular  weight  appears  normal.  But  the  same 
will  hold  good  for  a  mixture  of,  say,  90  per  cent,  of  benzene  with 
10  per  cent,  of  alcohol,  for  the  concentration  of  the  alcohol,  although 
small  compared  with  that  of  the  benzene,  is  large  compared  with  that 
of  the  solute  (benzoic  acid,  for  example),  so  that  the  association  of  the 
latter  will  be  largely  or  wholly  prevented. 

This,  or  a  very  analogous  behaviour,  can  be  readily  demonstrated 
with  iodine  solutions.  According  to  Lachman  {J.  Amer.  Chem.  Soc, 
1903,  25,  50),  the  brown  colour  with  which  iodine  dissolves  in  liquids 
with  latent  valencies  is  due  to  a  combination  of  iodine  with  the 
solvent.  Its  solutions  in  liquids  without  latent  valencies  are  violet. 
Now  in  a  mixture  of  equal  parts  of  chloroform  and  alcohol,  one  might 
expect  that  more  than  half  the  iodine  is  combined  with  the  alcohol ; 
accordingly,  the  colour  should  be  brown,  not  violet.  To  show  this,  the 
following  experiment  was  devised.  Two  similar  cylinders  were  half- 
filled  with  a  solution  of  iodine  in  chloroform  containing  1  gram-molecule 
per  litre.  Equal  quantities  of  an  alcoholic  iodine  solution  of  the  same 
strength  were  poured  on  the  top  of  the  chloroform  solutions  without 
mixing. 

Looked  at  vertically  from  above,  the  tints  in  both  cylinders  of 
course  appear  equal,  but  when  the  solutions  in  one  cylinder  are 
mixed,  the  colour  of  the  liquid  in  this  cylinder  becomes  distinctly 
lighter  than  that  of  the  other.  Now  since  the  original  alcoholic 
solution  is  paler  than  the  chloroform  solution,  one  may  assume  that 
more  iodine  is  in  molecular  combination  with  the  alcohol  than  before. 
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The  change  is  even  more  striking  if  a  little  pyridine  is  used  instead  of 
the  alcohol. 

Hitherto  the  dissociative  solvents  have  been  referred  to  as  a 
homogeneous  class,  but  they  show  some  differences  among  themselves. 
Those  curves  relating  to  mixtures  of  which  esters  are  one  constituent 
will  be  seen  to  slope  much  more  gradually  than  similar  ones  where 
acetone  or  alcohol  is  the  dissociative  solvent,  for  example,  Curve  V, 
Fig.  1,  Curve  XVIII,  Fig.  4,  and  especially  the  three  curves  of  bromo- 
acetic  acid  in  Fig.  2  (VIII  with  ethyl  formate,  IX  with  methyl  acetate, 
and  X  with  acetone). 

This  peculiar  behaviour  of  esters  agrees  with  other  facts  observed 
about  them.  Through  the  study  of  the  boiling  points  of  homoiogous 
series,  Young  assigns  to  them  a  position  intermediate  between  asso- 
ciated and  non-associated  liquids  {Phil.  Mag.,  1905,  [vi],  9,  1),  and 
Baeyer  and  Villiger  found  that  ethyl  acetate  had  a  much  smaller 
tendency  than  acetone  to  combine  with  complex  mineral  acids  such  as 
hydroferricyanic  acid  {Ber.,  1901,  34,  2692). 

Generally,  non-associative  solvents  are  themselves  associated  in  the 
liquid  state,  but  not  necessarily.  The  esters  are  not  associated  accord- 
ing to  Ramsay  and  Shields  (Trans.,  1893,  62,  1089),  nor  is  pyridine, 
yet  pyridine  is  among  the  strongest  dissociating  substances  ex- 
amined. Compare,  for  instance.  Curves  I  and  II,  representing  re- 
spectively cinnamic  acid  in  acetic  acid  and  toluene  mixtures  and  in 
pyridine  and  toluene  mixtures.  The  greater  dissociative  effect  of  the 
pyridine  is  here  probably  due  to  its  basic  nature. 

The  WELLCOiiE  Physiological  Research  Labokatoe,ies, 
Hekne  Hill,  S.E. 


CXII. — A    Precise   Method   of   estimating  the    Organic 
Nitrogen  in  Potable  Waters. 
By  James  Campbell  Brown,  D.Sc. 

In  the  determination  of  the  suitability  of  potable  water  for  human 
consum^jtion,  one  of  the  most  important  items  is  the  quantity  and 
nature  of  the  organic  matter  dissolved  in  the  water.  Unfortunately, 
it  is  generally  impossible  to  determine  what  the  organic  compounds 
present  in  the  water  are,  and  it  is  extremely  difficult  to  arrive  at  an 
approximate  estimate  of  the  total  quantity. 

Three  methods  may  be  mentioned  by  which  an  approximate  estima- 
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tion  of  the  relative  quantity  of  total  organic  matter  in  different  waters 
is  attempted. 

(1)  Frankland  and  Armstrongs  (Trans.,  1868,  21,  77)  make  a  com- 
bustion by  cupric  oxide  of  the  residue,  after  evaporation  on  a  water- 
bath  of  the  water,  with  the  addition  of  sulphurous  acid  to  remove 
carbonic  acid  from  carbonates. 

This  method  has  the  advantage  of  giving  the  whole  amount  alike  of 
the  carbon  and  of  the  nitrogen  of  the  organic  matter ;  it  also  gives,  by 
the  ratio  of  nitrogen  to  carbon  found,  a  rough  indication  whether  the 
organic  matter  is  mainly  derived  from  vegetable  or  animal  sources. 

The  principal  reason  why  this  process  never  came  into  general  use 
is,  probably,  that  it  is  somewhat  tedious  and  difficult  to  cany  ovit 
correctly,  and  it  is  open  to  the  real  objection  that  sometimes  by 
oxidation  of  sulphurous  acid  part  of  the  organic  matter  may  be  decom- 
posed during  evaporation  to  dryness,  and  in  other  ways  the  accuracy  of 
the  results  may  be  affected  even  if  minute  precautions  are  taken. 

(2)  The  method  of  Wanklyn,  Chapman,  and  Smith  (Trans.,  1867, 
20,  445 — 591)  for  estimating  the  ammonia  obtained  by  distillation 
with  alkaline  permanganate  has  the  advantage  of  being  directly 
applicable  to  a  moderate  quantity  of  the  sample  without  previous 
evaporation,  and  it  is  rapid  and  easy  of  execution.  It  is  in  very 
general  use  for  the  estimation  of  the  "  badness  "  of  water,  and  makes 
no  attempt  to  estimate  carbon  or  any  ingredient  except  the  nitrogen. 
But  it  has  the  great  disadvantage  of  yielding  only  a  fraction^  and  by 
no  means  a  constant  fraction,  of  the  nitrogen,  and  the  proportion  of 
nitrogen  in  different  kinds  of  organic  matter  is  very  varied.  The 
process  does  not  always  indicate  bad  waters,  and  it  sometimes  gives  a 
bad  character  to  wholesome  waters. 

(3)  The  estimation  of  the  amount  of  "  oxygen  consumed  "  by  treat- 
ment in  the  cold  with  acid  solution  of  permanganate  in  a  given  number 
of  hours  (usually  3  or  4)  is  a  favourite  method  which  has  been  well 
described  by  Tidy  (Trans.,  1879,  35,  66). 

The  amount  of  oxygen  taken  up  in  the  first  15  minutes  is  usually 
recorded  separately  in  order  to  allow  for  the  oxidation  of  substances, 
such  as  ferrous  salts,  which  are  not  organic;  but  it  is  obvious  that 
some  organic  matter  is  liable  to  be  oxidised  also  in  the  first  quarter 
of  an  hour.  Some  organic  matter  fails  to  be  oxidised  even  in  4  hours 
in  the  cold. 

This  method  is  at  present  much  used,  being  so  easy  that  it  can  be 
performed  by  unskilled  persons,  and  it  gives  an  indication  of  the 
relative  proportion  of  a  certain  class  of  impurities  in  different  samples. 

Neither  Wanklyn's  nor  the  oxidation  process  gives  any  idea  of  the 
nature  of  the  source  of  the  organic  matter.  The  oxidation  process 
gives   uniform    results    with  the    same  water,    but  it  is  apt   to   lead 
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occasionally  to  enoneous  conclusions,  and  it  never  gives  a  precise 
estimate  of  anything  in  a  sample  of  water. 

In  1880,  the  author  endeavoured  to  combine  the  advantages  of  the 
Wanklyn  and  the  Fmnkland  methods,  and  at  the  same  time  to  include 
the  whole  of  the  carbon  and  nitrogen  of  the  organic  matter  in  the 
numbers  obtained  by  continuing  the  distillation  of  the  Wanklyn 
mixture  to  dryness  and  then  igniting  it,  collecting  the  ammonia  and 
the  carbon  dioxide,  and  estimating  the  quantity  of  each. 

The  water  was  distilled  to  dryness  in  a  glass  or  copper  retort  with  a 
solution  of  caustic  potash  and  permanganate,  and  afterwards  ignited, 
the  ammonia  evolved  being  collected  in  distilled  water  and  estimated 
by  Nessler's  solution.  The  solution  of  caustic  potash  and  potassium 
permanganate  was  previously  boiled  to  expel  the  ammonia,  which  both 
reagents  yield  in  appreciable  quantities. 

The  carbon  dioxide  was  estimated  in  the  residue  in  the  retort  by 
dissolving  in  water,  adding  sulphuric  acid,  distilling  into  a  known 
quantity  of  N/lOO  barium  hydx'oxide,  and  titrating  back  with  xY/lOO 
oxalic  acid,  using  phenolphthalein  as  an  indicator.  The  carbon  dioxide 
in  the  caustic  potash  was  estimated  by  a  blank  experiment,  and 
the  carbonate  in  the  original  water  by  distillabion  with  sulphuric  acid 
into  j.V/100  barium  hydroxide,  titrating  back  with  oxalic  acid.  These 
two  quantities  were  deducted  from  the  total  carbon  dioxide  found  and 
the  remainder  calculated  to  organic  carbon. 

Experience  has  proved  that  the  method  gives  the  organic  nitrogen 
Avith  precision,  but  the  organic  carbon  is  not  so  correct  in  practice, 
owing  to  the  difficulty  in  getting  the  water  and  caustic  potash  free 
from  carbonate  and  in  avoiding  loss.  The  carbon  is  more  frequently 
too  high  than  too  low,  as  is  shown  by  examples  in  the  accompanying 
tabulated  statement  of  the  results  of  the  analyses  of  a  variety  of 
typical  samples  of  water. 

On  the  other  hand,  the  figures  for  total  organic  nitrogen  are  correct 
when  compared  with  the  calculated  amount  in  prepared  samples  of 
known  composition,  and  with  the  Frankland  number  in  natural  waters. 

The  estimation  is  now  confined  to  total  nitrogen,  and  as  both  caustic 
potash  and  potassium  permanganate  yield  ammonia,  a  solution  is  made 
containing  500  grams  of  pure  caustic  potash  and  50  grams  of  potassium 
permanganate.  This  is  boiled  for  2  hours  to  exj^el  ammonia,  the 
residual  trace  of  this  substance  being  ascertained  by  a  blank  experi- 
ment. 

The  details  of  the  method  as  now  employed  are  as  follows  : 

Either  a  hard  glass  retort  drawn  out  at  the  point  is  employed  or  a 
copper  retort,  such  as  is  used  for  generating  oxygen,  with  a  round 
brazed  bottom  ;  the  neck  is  inclined  upwards  to  return  spirted  particles 
of  liquid  to  the  retort.     Two  hundred  c.c.  of  average  water  or  a  suitably 
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smaller  quantity  of  very  impure  or  more  very  pure  water  are  placed  in 
the  retort ;  to  this,  20  c.c.  of  the  solution  containing  10  grams  of  caustic 
potash  and  1  gram  of  potassium  permanganate,  both  as  free  from 
carbon  dioxide  and  nitrogen  as  possible,  are  added.  The  retort  is  now 
connected  to  a  condenser,  and  the  contents  are  distilled  and  collected 
in  quantities  of  100  c.c.  each.  After  200  c.c.  have  distilled  over,  the 
end  of  the  condenser  is  fitted  with  a  tube  which  is  dipped  under  pure 
distilled  water,  and  the  distillation  is  continiied  to  dryness.  The 
retort  and  contents  are  now  roasted  for  half  an  hour,  the  end  of  the 
adapter  being  kept  under  water  the  whole  of  the  time.  The  volume  of 
this  third  distillate  is  made  up  to  100  c.c.  After  cooling,  250  c.c,  of 
distilled  water  free  from  ammonia  are  added  to  the  retort,  the  distil- 
lation is  resumed,  and  the  distillate  collected  as  before.  The  last 
50  c.c.  should  be  free  from  ammonia  ;  if  not,  more  water  must  be 
placed  in  the  retort  and  the  distillation  continued  until  free  from 
ammonia. 

The  ammonia  in  the  distillates  is  estimated  by  ISTessler's  solution  ; 
from  the  total  ammonia  thus  obtained,  there  is  deducted  the  ammonia 
obtained  by  distilling  the  water  with  sodium  carbonate,  and  that 
derived  from  the  reagents  ascertained  by  means  of  a  blank  experiment. 
The  remaining  ammonia  is  calculated  into  parts  of  total  organic 
nitrogen  per  100,000. 

In  the  case  of  sewage  effluents  or  other  waters  yielding  a  large 
quantity  of  ammonia,  the  receiver  is  slightly  acidified  with  hydro- 
chloric acid  before  collecting  the  ammonia ;  the  total  distillate  is 
collected  together  and  an  aliquot  part  taken  for  estimation  by  Nessler's 
process. 

In  order  to  compare  the  nitrogen  estimated  in  this  way  with  that 
in  known  quantities  of  nitrogenous  substances,  the  following  solutions 
were  prepared  : 

(A)  Solution  of  0*5  gram  each  of  carbamide,  caffeine,  gelatin,  and 
blood-albumin  in  50  c.c.  of  water,  of  which  10  c.c.  were  taken  for 
analysis. 

(B)  A  similar  solution, more  dilute, of  which  100  c.c.  were  taken  for 
analysis. 

(C)  A  similar  solution,  more  dilute,  of  which  200  c.c.  were  taken 
for  analysis. 

(D)  Another  sample,  containing  1  gram  of  blood  albumin  dissolved 
in  100  c.c.  of  water  with  a  little  magnesium  sulphate,  was  found  by 
Kjeldahl's  method  to  contain  0-1568  per  cent,  of  nitrogen.  This  was 
diluted  so  as  to  contain  0-098  of  nitrogen  per  100,000;  200  c.c.  were 
taken, 

(E)  12  grams  of  carbamide  were  dissolved   in    2000   c.c.  of   water, 
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and  5  c.c.  of  this  were  diluted  to  1000  c.c.  Therefore  the  sohition 
contained  0-14  part  of  nitrogen  per  100,000.  Five  hundred  c.c. 
were  taken  for  Frankland's  process,  and  200  c.c.  for  the  author'.s 
process. 

This  experiment  was  repeated  three  times — with  (a)  0'5  gram, 
(5)  1  gram,  (c)  2  grams  of  potassium  permanganate — with  the  uniform 
result  of  0'14  part  of  nitrogen  per  100,000. 

(F)  To  ascertain  whether  the  presence  of  nitrites  interferes  with 
the  correctness  of  the  method,  another  sample  was  prepared  contain- 
ing in  every  200  c.c.  25  c.c.  of  a  1  per  cent,  solution  of  blood  albumin, 
yielding  0"1568  gram  of  nitrogen  and  25  c.c.  of  a  solution  containing 
4'057  per  cent,  of  sodium  nitrite  ;  5  c.c.  of  this  mixture  were  diluted  to 
1000  c.c.  The  .sample  contained  0'098  part  of  organic  nitrogen  and 
0-5  part  of  nitrogen  as  nitrite  per  100,000  ;  500  c.c.  were  taken  for 
Kjeldahl's  method,  and  200  c.c.  for  the  author's  method. 

Results  expressed  in  Parts  2:>er  100,000. 

A.         B.  O.         D.        E.        F. 

Calculated  quantity  of  nitrogen  per 

100,000  parts  of  water    ...^. 0-429     0-429     0-429     0-098     0-14     0-098 

Nitrogen  determined  by  Kjeldahl's 

method 0-427        —  —       0-098       —      0-099 

Nitrogen  by  calcining  with  alkaline 

permanganate  0-428     0-432     0-432     0-0967  0-14     0-099 

Frankland's  method    —  —  —  —       0-14        — 

To  ascertain  whether  any  of  the  free  or  combined  ammonia  is 
oxidised  by  the  method  : 

(i)  Water  was  taken  containing  0*103  niti'ogen  per  100,000  as 
NH^Cl.  Three  portions  of  200  c.c.  each  were  treated  with  caustic 
soda  and  (a)  0*5  gram,  (b)  1  gram,  (c)  2  grams  of  permanganate. 
The  result  gave  0-103  in  each  case. 

(ii)  Water  was  taken  containing  0-098  gram  of  nitrogen  as  blood 
albumin.  Three  portions  were  treated  with  10  grams  of  caustic  soda 
and  (a)  0-5  gram,  (6)  1  gram,  (c)  2  grams  of  potassium  permanganate, 
with  the  result  that  each  yielded  0-099  part  of  organic  nitrogen  per 
100,000. 

The  annexed  tabular  statement  gives  the  results  of  the  analyses  of 
water  from  various  sources  by  Frankland's  process,  Wanklyn's  process, 
and  the  author's  method. 
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The  method  appears  to  be  as  precise  as  Kjeldahl's  process,  and  is 
more  applicable  to  water  (1)  in  requiring  a  smaller  quantity  of  sample, 
(2)  not  involving  the  use  of  sulphuric  acid,  (3)  avoiding  bumping  in 
glass  vessels.  It  also  requires  less  time  and  attention  without 
sacrificing  accuracy. 

I  have  to  thank  Mr.  W.  H.  Roberts,  M.Sc,  and  other  assistants  for 
much  help  in  carrying  out  the  manipulative  details. 
The  University  of  Liverpool. 


CXIII. — Studies  in  the  Acridine  Series.  Part  II.  Action 
of  Methyl  Iodide  on  Benzoflmmie  (2  :  S-Dianmw- 
b-phenyl-^  :  7-dimethylacridine). 

By  John  Theodore  Hewitt  and  John  Jacob  Fox. 

In  an  earlier  paper  (Trans.,  1904,  85,  529),  the  authors  have  shown 
that  the  acetyl  derivative  of  2 -amino- 3  :  7-dimethylacridine  easily 
takes  up  the  elements  of  methyl  iodide  at  the  nitrogen  atom  of  the 
middle  pyridine  ring.  Complete  hydrolysis  (that  is,  elimination  of  the 
acetyl  group)  and  precipitation  with  an  alkali  gives  a  feebly  coloured 
carbinol  base,  which  is  readily  converted  at  200°  into  an  extremely 
dark  anhydro-base.  Both  carbinol  and  anhydro-bases,  when  dissolved 
in  acids,  furnish  the  same  series  of  salts. 


CH,     1 


CH, 


NHAc 

CHg 


CH 


CH 


CH(OH) 


Is     o 
CH3    Cl 

\/ 

N 


:nh 


HCl 


CH3!^    X  I  /'\    JCH., 
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In  order  to  obtain  further  confirmation  of  the  anhydridisation  of 
carbinol  bases  in  which  an  amino-gr-oup  is  .situated  in  the  para-position 
to  the  meso-carbon  atom,  benzoflavine  has  been  examined  in  a  similar 
manner,  and  the  results  confirm  those  obtained  with  the  monoamino- 
compound  except  that  the  isolation  of  the  carbinol  base  appears  to  be 
impossible,  anhydridisation  taking  place  on  the  liberation  of  the  base 
from  its  salts. 

The  colour  base  itself  and  other  allied  substances  are  described  in 
several  patents  (D.K-P.  43720,  45294,  45298  of  1887—1888),  whilst 
benzoflavine  has  been  further  examined  by  R.  Meyer  and  R.  Gross  {Ber., 
1899,  32,  2352),  who,  in  addition  to  purifying  and  analysing  the  free 
base,  also  desci'ibed  the  hydrochloride,  hydrobromide,  and  sulphate. 
We  obtained  our  material  from  a  specimen  of  "  Benzoflavin  B.F.  2," 
for  which  we  are  indebted  to  the  liberality  of  the  firm  of  K.  Oehler, 
of  Oifenbach-am-Main,  and  we  take  this  further  opportunity  of  thank- 
ing them  for  their  kindness.  In  order  to  purify  the  substance,  we  dis- 
solved it  in  hot  dilute  acetic  acid,  collected  the  crystalline  acetate  which 
separated  on  cooling,  and  finally  decomposed  the  salt  with  ammonia. 
The  substance,  when  washed,  is  sufficiently  pure  for  acetylation. 

Acetylation  of  Benzoflavine. — The  purified  base  was  boiled  in  a  reflux 
apparatus  with  four-fifths  of  its  weight  of  fused  sodium  acetate  and 
five  times  its  weight  of  acetic  anhydride,  the  time  of  heating  being 
usually  about  four  hours.  In  all  probability,  the  acetylation  may  be 
completed  in  far  less  time,  for  it  was  observed  that  the  orange-red 
colour  of  the  benzoflavine  salt  changed  into  the  light  yellow  of  the 
diacetyl  derivative  after  about  45  minutes.  This  colour  change  is 
striking,  reminding  one  of  the  transformation  of  red  fluorescein  into 
diacetylfluorescein,  a  substance  as  colourless  as  the  parent  fluoran.  In 
the  case  under  examination,  the  diacetylbenzoflavine  exhibits  a  colour 
not  very  different  from  that  of  phenylacridine  or  acridine  itself,  and 
in  this  connection  it  should  be  noted  that  the  formula  of  benzoflavine 
may  be  ^vritten  in  the  tautomeric  form,  as 

NH 


NH./    Y    Y      I'^H 
nxrl        I         I        ICH3 


C 
C.H. 


(compare  Hewitt,  Zeit.  physikal.  Cheni.,  1900,  34,  13). 

The  excess  of  acetic  anhydride  employed  in  acetylation  may  be 
removed  by  pouring  the  mixture  into  alcohol,  when  a  small  quantity 
of  pale  yellow  plates,  shown  by  analysis  to  be  a  tetracetyl  derivative, 
is  usually  deposited  first.     If  the  alcoholic  solution  containing  a  con- 
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siderable  quantity  of  ethyl  acetate  is  then  poured  into  dilute  ammonia, 
the  diacetyl  compound  is  precipitated ;  after  drying,  it  may  be  purified 
by  recrystalli.«ati'on  from  boiling  nitrobenzene.  Small,  yellow  needles 
are  thus  obtained  ;  the  substance  appears  in  a  similar  form  if  dissolved 
in  pyridine  and  precipitated  by  toluene  ;  it  is  also  moderately  soluble 
in  ethyl  acetate,  although  very  sparingly  dissolved  by  most  organic 
solvents. 

0-1472  gave  0-4084  CO^  and  0-0782  H.A  C  =  75-6  ;  H  =  5-9. 
01590  „  0-4396  CO2  „  0-0874  H^O.  0  =  75-4 ;  H  =  6-l. 
0-1660     „     14-9  CO.  Nat  18°  and  754  mm.     N  =  10-3. 

0-3892  (Kjeldahl)  required  29-7  c.c.  .V/IO  H.SO^.     ]Sr=  10-7. 
C05H23O0N3  requires  C  =  75-6  ;  H  =  5-8  ;  N  =  10-6  per  cent. 

When  heated  to  280°,  diacetylbenzoflavine  does  not  melt,  neither 
does  it  show  any  signs  of  decomposition,  its  light  yellow  colour  exhibit- 
ing no  change. 

An  interesting  point  was  observed  in  estimating  the  nitrogen  by 
the  Kjeldahl  method.  In  some  experiments,  only  slightly  over  two- 
thirds  of  the  theoretical  amount  of  nitrogen  was  obtained  as  ammonia, 
the  addition  of  caustic  soda  also  causing  a  red  coloration.  Evidently 
the  pyridine  ring  is  difficult  to  oxidise  with  hot  sulphuric  acid,  as  was 
seen  in  Koenig's  conversion  of  piperidine  to  pyridine  by  heating  with 
sulphuric  acid  at  300°.  Correct  results  were  ultimately  obtained  by 
the  addition  of  a  few  drops  of  ferric  chloride  solution  to  the  sulphuric 
acid. 

The  tetra-acetyl  derivative  already  mentioned  was  anal)  sed  with  the 
following  results  : 

0-2182  gave  0-5780  COg  and  0-1084  HgO.     C  =  72-2  ;  H  =  5-5. 
0-3570  (Kjeldahl)  required  21-8  c.c.  NjlO  HoSO^.     N  =  8-6. 
0-2384  (Kjeldahl)      "  „         14-7  c.c.  iVVlO  H^SO^.     N  =  8-65. 
C29H27O4N3  requires  C  =  72-3  ;  H  =  5-6  ;   N  =  87  per  cent. 

Teto-a-acetylhenzoflavine  melts  at  264°  (273°  corr.). 

Addition  of  Methyl  Iodide. — Diacetylbenzoflavine  and  five  times  its 
weight  of  methyl  alcohol  were  heated  with  rather  more  than  the 
theoretical  amount  of  methyl  iodide  for  four  hours  at  130°. 

The  crystals  which  separated  in  the  tube,  after  washing  with  methyl 
alcohol,  were  found  to  be  practically  pure  methiodide  with  methyl 
alcohol  of  crystallisation ;  they  can  be  recrystallised  from  strong 
alcohol.  The  salt  is  veiy  sparingly  soluble  in  hot  "water,  forming  a 
yellow  solution  which  exhibits  only  feeble  fluorescence,'^in  this  respect 
forming  a  strong  contrast  to  benzoflavine,  the  salts  of  which  fluoresce 
in  solution  with  a  vivid  green  coloration.  After  drying  at  120°,  the 
following  results  were  obtained  on  analysis  : 
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0-2104  gave  0-0918  Agl.  1  =  23-58. 

0-2362  „  0-1020  Agl.  1  =  23-34. 

CogHggOgNgl  requires  1  = 


23-56  per  cent. 


The  cai'binol  base  corresponding  to  this  diacetyl  compound  has  not 
been  isolated.  By  solution  of  the  methiodide  in  alcohol  and  pre- 
cipitation with  ammonia,  a  substance  was  obtained  which,  although 
pale  in  colour  when  first  jjrecipitated,  darkened  considerably  in  the 
desiccator.  When  recrystallised  from  alcohol  and  analysed,  the  sub- 
stance was  found  to  have  the  composition  of  a  diacetylcarbinol  base 
from  which  one  molecule  of  acetic  acid  had  been  removed. 

01456  gave  0-4158  CO.^  and  00S26  H^O.     C  =  77-9;  H  =  6-3. 
ajl230N3  requires  C  =  78-o"^  H  =  6-2  per  cent. 

The  change  which  takes  place  must  obviously  be  represented  by  the 

following  scheme,  the   substance  represented   by  formula  11  not  being 
isolated  : 

I.  II. 


NHAc, 


N 


I     I     I 


9 
an. 


NHAc 
CH, 


NHAc 


NHAcr' 
CH  ' 


CHg 

N 


I        I        I 


CH, 

N 

I        I 


>NHAc      ^ 
JCH,  ^ 


C,H,  OH 


:nh 


CH, 


III. 

Comphte  Hydrolysis. — If  the  foregoing  substance  is  boiled  for  some 
time  with  33  per  cent,  sulphuric  acid,  the  remaining  acetyl  group  is 
removed  and  a  sulphate  separates  on  cooling  ;  the  base  may  be  liberated 
with  ammonia  and  recrystallised  from  alcohol  or  chloroform,  when 
small  needles  exhibiting  a  green  reflex  are  obtained. 

0-1244  gave  0-3662  CO.^  and  0-0712  H.,0.     C  =  80-3  ;  H  =  6-4. 
0-2818  (Kjeldahl)  required  26-15  c.c.V/10  H^SO,.     X  =  13  0. 
C._,.2H.^jN3  requires  C  =  80-7;  H  =  6-4;  N  =  12-8  per  cent. 

A  green  fluorescence  is  observed  on  solution  in  chloroform  or  alcohol, 
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more  particularly  in  the  latter  solvent.     On  heating,  softening  occurs 
at  about  2U5°  and  fusion  at  226—227°  (232—233°  corr.). 

The  chloride  was  prepared  by  solution  in  alcohol,  addition  of  hydro- 
chloric acid,  and  concentration, 

01536  gave  0-0621  AgCl.     01=  lO'O. 

O22H02N3CI  requires  01  =  9  "8  per  cent. 

The  crystals  of  this  salt  exhibit  a  very  beautiful  green  reflex. 

The  sulphate  was  prepared  by  boiling  with  dilute  sulphuric  acid, 
cooling,  and  collecting  the  deposited  salt.  The  small,  dark  red  crystals 
obtained,  when  washed  and  dried,  gave  the  following  analytical 
results  : 

01356  gave  0-0424  BaSO^.     H^SO^^  13-15. 

(022H2iN3)2,H2S04  requires  H2S0^=  13-03  per  cent. 

The  fact  that  this  mono-acid  base  contains  no  oxygen,  taken  in  con- 
junction with  the  results  obtained  in  the  case  of  monoamino-acridines 
(Fox  and  Hewitt,  loc.  cit.)  and  Hantzsch's  work  on  pseudo-bases, 
leaves  no  doubt  that  its  constitution  should  be  expressed  by  the  struc- 
tural formula 

NlOHg) 


C(CoH,) 


We  desire  to  express  our  indebtedness  to  the  Research  Fund  Oom- 
mittee  of  the  Royal  Society  for  an  allotment  from  the  Government 
Grant. 

East  Lonhon  Technical  College. 


CXIV.— iVo^e  on  Certain  Derivatives  of  cytloPropene. 
By  David  Trevor  Jones. 
When  l-methyl-A2-c>/c^opropene-2  :  3-dicarboxylic  acid, 

(Feist,  ^er.,  1893,  26,  759),  is  warmed   with   a  mixture  of   sulphuric 
acid    and    alcohol,   it   undergoes   esterification   in   the  ordinary  way, 

yielding  the  corresponding  ethyl  ester,  CH3*CH\ii      J'  „^„^  ;    the 
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methyl  ester  is  obtained  in  a  similar  manner.  Both  these  esters 
readily  take  up  two  atoms  of  bromine  to  form  the  corresponding  esters 
of  dibromomethyltrimethylenedicarboxylic  acid  (Feist,  loc.  cit.). 

These  bromo-esters,  on  warming  with  zinc  dust  and  acetic  acid,  are 
reconverted  into  the  original  unsaturated  esters  : 

CH3  CH<  1,^^,.^^^^^     _->       ^H3.CH<M^^^^^^. 

On  condensing  one  molecule  of  ethyl  dibromometbyltrimethylenedi- 
carboxylate  with  two  molecules  of  diethyl  sodiomalonate,  a  non-distil- 
lable  liquid  is  obtained  ;  this  substance,  on  saponification  with  potass- 
ium hydroxide,  yields,  together  with  a  considerable  amount  of  decom- 
position products,  a  small  quantity  of  an  acid,  CgllgOg,  which  gives  a 
silver  salt  having  the  formula  O^jH^OgAgg. 

This  result  is  most  readily  accounted  for  by  assuming  that  the  con- 
densation takes  place  with  formation  of  ethyl  methyldicyc^otetrane- 
tetracarboxylate : 

CO,Et 
CH3-CH^l\c<^^^Et  ^  2NaBr  +  CH,(C02Et),. 


The  highly  unstable  bridged  tetramethylene  grouping  is  then 
broken  down  by  the  potassium  hydroxide  with  the  formation  of  the 
tribasic  lactonic  acid,  CjHgOg,  in  accordance  with  some  such  scheme 
as  the  following  : 

CO,H 

p^CO.H       _. 
^^COlH       ^ 


COsEt 

1    " 
HC 

CH3 

.ch/?>c< 

CO.Et 

CO.Et     _ 
CO'^Et 

CHM 

1 

CHg-CH 

CH-COoH 

/\       ^ 
e-C C-COgH 

CO.H 

\  / 

c 

CO,H 

0 — 

CO 

• 

In  support  of  this  view,  it  may  be  pointed  out  that  similar  instances 
of  the  splitting  of  a  bond  in  ring  compounds  by  means  of  potassium 
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hydioxide  have  already  been  observed  by  Perkin  and  Thorpe  (Trans., 
lUOl,  79,  744)  and  by  Buchner  and  Witter  {Ber.,  1894,  27,  871). 

Experimental. 

Ethyl  l-methyl-A2-c?/c^opropene-2  :  3-dicarboxylate  was  obtained  by 
heating  methyl  cycfopropenedicarboxylic  acid  with  a  mixture  of  alcohol 
and  sulphuric  acid  (5:1)  for  2  hours  on  the  water-bath.  The  mixture 
was  then  diluted  considerably  with  water  and  extracted  twice  with 
ether,  the  ethereal  solution  being  washed  with  water  to  remove  alcohol 
and  with  sodium  carbonate  to  remove  unesterified  acid,  after  which  it 
was  dried  over  calcium  chloride  and  evaporated  on  the  water-bath. 
The  residual  liquid  was  then  distilled  in  vacuo,  when  the  pure  ester 
distilled  at  135°/15  mm.  and  condensed  to  a  clear,  fragrant-smelling 
liquid,  which,  on  cooling,  solidified  in  magnificent,  rhombic  crystals 
melting  sharply  at  38°.  This  ester  was  found  to  be  readily  soluble  in 
light  petroleum,  chloroform,  and  ether. 

0-1616  gave  0-3588  COg  and  0-1023  H^O.     C  =  60-5;  H  =  7-0. 
C^qHj^O^  requires  C  =  60-6  ;  H=7-l  per  cent. 

The  methyl  ester  boils  at  122°/20  mm.,  and,  on  cooling,  solidifies  to 
long  needles  which  melt  at  30°. 

Methyl  Dibromomethyltrimethylenedicarboxylale, 

Methyl  methylcyc^opropenedicarboxylate  (8  grams)  was  dissolved  in 
chloroform  (100  c.c.)  and  bromine  (3  c.c.)  was  added.  The  solution, 
which  immediately  became  warm,  was  allowed  to  remain  overnight, 
then  washed  with  aqueous  sodium  hydrogen  svilphite  to  remove 
bromine,  after  which  it  was  di"ied  with  calcium  chloride,  filtered,  and 
evaporated  on  the  water-bath.  In  this  way,  a  solid  residue  was 
obtained,  which  was  readily  recrystallised  from  light  petroleum 
(60 — 80°).  The  substance  presented  the  appearance  of  a  floury  mass, 
which,  under  the  microscope,  was  seen  to  consist  of  very  fine  needles 
(m.  p.  76—77°). 

0-2294  gave  0-2445  CO^  and  0-0630  H.O.     C -  29-06  ;  H  =  3-05. 
0-1339     „     0-1506  AgBr.     Br  =  47-9." 

C^^YL^f>^Bv^  requires  C  =  29-0  3  H  =  30  ;  Br  =  48-4  per  cent. 

Experiments  were  cai-ried  out  with  this  ester  with  the  object  of 
removing  the  elements  of  hydrogen  bromide,  but,  after  prolonged 
heating  with  freshly  distilled  diethylaniline  at  170°,  the  dibromo-ester 
was  recovered  unchanged. 
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Ethyl  dibromomethyltriinethylenedicarhoxylate  was  prepared  in  a 
similar  manner  to  the  methyl  dibromo-ester.  Unlike  the  methyl  ester, 
it  remained  liquid  at  the  ordinary  temperature ;  it  distilled  at 
1 85730  mm.  with  slight  decomposition,  and  condensed  to  a  viscid, 
yellow  liquid,  which  solidified  to  a  vitreous  mass  when  cooled  in  carbon 
dioxide  and  ether,  but  did  not  assume  any  definite  crystalline  form. 
Carefully  conducted  analyses  showed  that  this  preparation  was  slightly 
impure. 

0-2856  gave  0-3418  00,^  and  0-0952  H^O.     0  =  32-7;  H  =  3-7. 
0-1740     „     0-1860  AgBr.     Br-45-5.'' 

CjoH^^O^Bro  requires  0  =  33-7;  H  =  4-0;  Br  =  44-7  per  cent. 

Reduclio7i  of  Ethyl  Dibromomethyltrimethylenedicarhoxylate. 

A  small  quantity  of  the  dibromo-ester  was  dissolved  in  glacial 
acetic  acid,  zinc  dust  added  to  the  solution,  and  the  mixture  heated 
gently  on  the  sand-bath  for  1  hour.  The  solution  was  then  poured  into 
dilute  aqueous  sodium  carbonate,  which  was  then  extracted  with  ether  ; 
the  ethereal  extract  was  dried  over  calcium  chloride  and  evaporated 
on  the  water-bath,  the  last  traces  of  ether  being  completely  removed 
in  vacuo.  On  crystallising  the  residue  from  light  petroleum  (b.  p. 
35 — 50°),  crystals  were  obtained  which  were  easily  identified  as  those 
of  the  unsaturated  ethyl  methylcycfopropenedicarboxylate.  Similar 
results  were  obtained  with  the  methyl  dibromo-ester. 

Condensation    of   Ethyl    Dihromomelhylcycloprojienedicarhoxylate   with 
Ethyl  Sodiomalonate.     Formation  of  the  Acid  Oj^HgOg. 

Sodium  (2  atoms)  was  dissolved  in  alcohol  and  ethyl  malonate 
(2  molecules)  was  added,  the  solution  cooled,  and  the  dibromo-ester 
(1  molecule)  gradually  introduced.  The  mixture  first  reddened,  then 
turned  yellow,  at  the  same  time  depositing  a  considerable  quantity  of 
sodium  bromide ;  it  was  warmed  for  a  short  time  and  then  diluted 
considerably  with  water,  the  solution  being  extracted  twice  with 
ether.  The  ethereal  extract  was  washed  with  water  to  free  it  from 
alcohol,  after  which  it  was  dried  over  calcium  chloride,  filtered,  and 
evaporated.  The  residue  was  heated  in  a  current  of  steam  to  free  it 
from  ethyl  malonate,  after  which  it  was  again  extracted  with  ether. 
The  residue  from  the  ethereal  extract  was  a  viscous  liquid,  which  did 
not  solidify  after  standing  for  several  days  in  vacuo.  On  attempting 
to  distil  a  portion  under  diminished  pressure,  it  was  observed  to  decom- 
pose almost  entirely ;  it  was  therefore  saponified  directly  by  boiling 
with  aqueous  caustic  potash  for  1  hour.  The  alkaline  solution  was 
then    cooled,    acidified    with    dilute    sulphuric   acid,    and    repeatedly 
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extracted  with  ether.  The  ethereal  extract,  after  being  dried  with 
sodium  sulphate,  was  boiled  with  animal  charcoal  and  then  filtered 
and  evaporated.  On  concentration,  the  ethereal  solution  deposited  a 
small  quantity  of  crystals,  which,  after  a  second  crystallisation  from 
ether,  melted  sharply  with  considerable  evolution  of  gas  at  222°.  An 
alkaline  solution  of  this  acid  did  not  discharge  the  colour  of  perman- 
ganate solution.  The  acid  was  fovmd  to  be  soluble  in  ethyl  acetate 
and  acetic  acid,  less  so  in  ether,  and  insoluble  in  light  petroleum  and 
chloroform. 

0-1421  gave  0-2270  COg  and  00447  HgO.     C  =  43-9  ;  H  =  3-5. 
CgHgOs  requires  C  =  44-2  ;  H  =  3-3  per  cent. 

On  analysis,  the  silver  salt  furnished  the  following  result  : 

0-2322  gave  0-1759  AgCl.     Ag  =  57-0. 

CgHgOgAgg  requires  Ag  =  57-3  per  cent. 

The  author  wishes  to  reserve  for  further  investigation  the  substances 
described  in  this  paper. 

Victoria  University, 
Manchester. 


CXV. — Experiments    on  the  Synthesis  of  the  Te/rpenes. 
Part   V.     Derivatives  of  ortlio-Cymene. 

By  Fkancis  William  Kay  and  William  Henry  Perkin,  jun. 

In  Part  IV  of  this  investigation  (Trans.,  1905,  87,  661),  attention 
has  already  been  called  to  the  curious  fact  that  the  terpenes  and  their 
derivatives  which  occur  in  nature  are  almost  exclusively  either  actual 
derivatives  of  j3-cymene  or  are  converted  into  such  derivatives  by  the 
action  of  simple  reagents.  Such  changes  as  the  latter  are  often  of 
a  complex  nature,  especially  where  the  transformation  involves  the 
rupture  of  a  bridged  ring,  as,  for  example,  in  the  conversion  of  carone 
into  dihydrocarvone  and  carvenone,  of  pinene  into  bornyl  chloride  and 
terpineol,  or  of  camphor  into  carvacrol  and  |;-cymene.  In  these  and 
other  similar  decompositions,  the  tendency  lies  in  the  direction  of  the 
formation  of  derivatives  of  ^^-cymene  even  in  cases,  such  as  the  con- 
version of  pineue  into  terpineol,  where,  theoretically,  a  derivative 
of    o-cymene    might    quite     well    be    produced.*      Since,    then,    the 

*  A  striking  exception  to  this  genenilisatiou  is  the  eoiiversioii  of  caroue  into 
carvestrene  by  a  complicated  series  of  reactions,  a  case  which  is  dealt  with  iu  the 
communication  which  follows  this  (p.  1084). 
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0-terpenes  and  tlieir  derivatives  are  unknown  and  there  is  no  evi- 
dence of  any  possibility  of  producing  them  indirectly  from  the 
derivatives  of  other  terpenes  found  in  nature,  it  occurred  to  us  that  it 
would  be  interesting  to  fill  up  the  gap  by  preparing  some  of  the 
members  of  this  group  synthetically. 

In  carrying  out  our  experiments  in  this  direction,  the  methods  of 
synthesis  employed  were,  in  many  respects,  similar  to  those  which 
have  already  led  to  the  synthesis  of  terpenes  of  the  ;j-series  (Trans., 
1904,  85,  654;  1905,  87,  662.)  The  present  experiments  had  for 
their  starting  point  o-toluic  acid,  which  was  converted,  by  reduction 
with  sodium  and  alcohol,  into  ^rans-hexahydro-o-toluic  acid  (Trans., 
1895,  67,  119).  When  this  acid  was  treated  with  phosphorus  penta- 
chloride  and  then  with  bromine  and  the  product  decomposed  by 
formic  acid,  an  excellent  yield  of  a-bromohexahydro-o-toluic  acid, 

CHMe 


CHg  CBr-CO^H 
CHg  CHg 


CHo 

was  obtained  (compare  Sernoff,  Ber.,  1899,  32,  1168). 

This  bromo-acid  reacts  readily  with  alkalis  with  the  formation  of 
a-hydroxyhexahydro-o-toluic  acid, 

CHMe 

/\ 
CH2  C(0H)-C02H 

Ch"  CHo 

\> 

CH2 

but,  at  tlie  same  time,  elimination  of  hydrogen  bromide  takes  place 
and  a  tetrahydro-o-toluic  acid  is  produced  which  melts  at  87°  and  has 
already  been  desci'ibed  by  Sernoff  {loc.  cif.,  p.  1171). 

During  the  formation  of  this  tetrahydro-acid,  the  elimination  of 
hydrogen  bromide  may  obviously  take  place  in  two  directions,  but  one 
acid  only  appears  to  be  formed,  the  constitution  of  which  may  be 
represented  by  either  of  the  formulae 

CHMe  CMe 

/% 
CH.,  C-CO,H 

CH,  CH  ''^"  CH.,  CH, 

\7  \7    ^ 

CH2  CH,. 

A^.  A'\ 

4  li  2 
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Sernoff  decided  in  favour  of  the  first  or  A^-formula,  but  as  it  was 
necessary  to  be  certain  on  this  point  we  subjected  the  acid  to  oxida- 
tion with  permanganate  and  obtained,  as  the  product  of  degradation, 
y-acetobutyric  acid,  a  result  which  proves  that  the  acid  must,  on  the 
contrary,  be  ^^-tetraliydro-o-toluic  acid. 

CMe  COMe 

/%  / 

CH,  C-COoH  CH, 


CH2  CH2 

When  ethyl  A^-tetrahydro-o-toluate  is  left  in  contact  with  an  ethereal 
solution  of  magnesium  methyl  iodide,  it  is  gradually  converted  into 
^^-o-menthenol{^)*  which  distils  at  109 — 110735  mm.  and,  when 
digested  with  potassium  hydrogen  sulphate,  is  decomposed  with  elimin- 
ation of  water  and  formation  of  ^^■^^^^-o-menthadiene  (b.  p.  177°). 

CMe  CMe 

/%  /% 

CH2  C-CMe^-OH  .  CH^  C-CMeiCH.^ 

Cfl2  CH2  ^^^^^^  ^TT    r.vi 

CHg  v.x^2 

This  o-terpene  is  isomeric  with  dipentene  and  A^'*"''-p-menthadiene 
(Trans.,  1905,  87,  648),  and  with  the  latter  especially  it  has  many 
properties  in  common.  Thus  it  has  an  odour  of  lemons,  is  slowly 
oxidised  when  exposed  to  air,  and  combines  with  only  two  atoms  of 
bromine,  a  behaviour  which  is  due  to  the  presence  of  the  grouping 
-CIC-C!C-in  the  molecule  [loc.  cit.,  p.  641).  When  its  solution  in 
boiling  isoamyl  alcohol  is  treated  with  a  lai^ge  excess  of  sodium,  it  is 
reduced,  although  with  difiiculty,  and  then  with  the  addition  of  only 
two  atoms  of  hydrogen. 

The  hydrocarbon,  Cj^H^g,  which  is  formed  is  evidently  A"'^'-o- 
mentliene, 

CHMe 


CH2 

*  The  scheme  of  iiumbeiiug  employed  in  this  communication  is  : 


CH,  C:CMe, 
Ch"  CHo 


-C'"' 


Is       3I     \ 


-C(i») 
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and  this  experiment  indicates  that  A^--**'-o-menthadiene  behaves 
towards  nascent  hydrogen  in  the  same  way  as  it  does  towards 
In-omine,  that  is  to  say,  it  is  only  able  to  yield  an  additive  compound 
with  two  atoms  of  the  element  in  each  case. 

Daring  the  progress  of  the  experiments  described  above,  we  were 
successful  in  synthesising  A'-*®'-o-menthadiene  by  a  second  interesting 
method.  Some  years  ago  (Trans.,  1889,  55,  335;  1890,67,  16), 
Kipping  and  Perkin  showed  that  o-methyltetrahydrophenyl  methyl 
ketone  *  is  produced  when  aw-diacetylpentane  is  dehydrated  by  treat- 
ment with  concentrated  sulphuric  acid. 

CO-Me  CMe 


^^2  —2  ™  .  CH2  C-COMe 

\7    ^  \/ 

We  now  find  that,  when  this  ketone  is  left  in  contact  with  a  large 
excess  of  magnesium  methyl  iodide,  it  is  gradually  converted  into  a 
hydrocarbon  which,  on  investigation,  has  been  shown  to  be  A'-^^'-^-o- 
menthadiene  and  the  formation  of  which  is  obviously  due  to  the  group 
^COMe  in  the  above  ketone,  changing  first  to  [^CMe./OH  and  then 
to  >CMe:CH2. 

Pursuing  a  course  similar  to  that  which  was  adopted  in  the 
previous  papers  of  this  series,  we  next  prepared  ethyl  hexahydro- 
o-toluate  and  converted  this,  by  the  action  of  magnesium  methyl 
iodide,  into  o-menthanol{H)  a  crystalline  substance  which  melts 
at  58°,  has  a  penetrating  odour  of  peppermint,  and  when  digested 
with  potassium  hydrogen  sulphate  yields  A^^^^-o-menthene  (b.  p. 
168°). 

CHMe  CHMe 

CH2  CH-CMe./OH  CH,  CH-CMelCH., 

CH2CH2    "  y'^^*^''       cicH, 


Shortly  afterwards,  we  were    successful    in  preparing  an  isomeric 
o-menthanol  and  o-menthene  by  the  following  series  of  reactions. 

When   a-hydroxyhexahydro  o-toluic    acid   (p.  1067)  is   treated  with 

*  Tliis  ketone  was  namecl  o-methyltetrahydrobenzene  methyl  ketone  by  Kipjiing 
and  Perkin. 
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sulphuric  acid,  it   is    readily    decomposed    with    evolution    of    carbon 
monoxide  and  formation  of  l-methylcyc^ohexanone(2),* 

CHMe 


CH.^  CO 
CH2  CH2 


CH2 

and  this  ketone  reacts  readily  with  magesium  isopropyl  iodide,  and  is 
thus  converted  into  o-menthanol(2), 

CHMe 


CH2  C(OH)-CHMe.^ 

CH2  CH2 

\/ 
CH2 

which  distils  at  95°  (25  mm.)   and,   when    digested    with    potassium 
hydrogen  sulphate,  yields  a  new  o-menthene  boiling  at  168°. 

The  constitution  of  this  menthene  must  be  represented  by  one  of 
the  formula? 

CMe  CHMe 

/% 
CH2  C-CHMe.^ 


CHo  CH2 

A'.     "  A2. 

since  it  has  been  shown,  in  the  analogous  case  of  the  formation  of 
A^-m-menthene  (p.  1088)  that  the  third  theoretically  possible  formula, 
namely,  A"'^',  is  excluded.  But  the  course  of  the  reaction  when  water 
is  eliminated  from  o-menthanol(2)  should  be  the  same  as  that  which 
occurs  when  a-hydroxyhexahydro-o-toluic  acid  is  treated  with  concen- 
trated sulphuric  acid,  and  in  that  case  the  unsaturated  acid  formed  is 
A''-tetrahydro-o-toluic  acid, 

CMe 


CH2  C-COaH 
CH2  CH2 


*  Considerable  quantities  of  A''-tetrahydro-o-toluic  acid  are  also  produced  by  the 
simple  elimination  of  water. 
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We  therefore  conclude  that  the  o-menthene  in  question  has  the 
double  linking  in  the  sime  relative  position  as  in  A"-tetrahydro  o- 
toluic  acid  and,  for  this  reason,  we  have  assigned  to  it  the  constitution 
of  \^ -o-menthene. 

Being  in  possession  of  a  considerable  quantity  of  o-menthanol(2),  we 
converted  it,  by  means  of  hydrobromic  acid,  into  2-bromo-o-menthane 
and,  by  treating  this  with  zinc  dust  and  acetic  acid,  we  were  able  to 
prepare  o-menthane, 

CHMe 


an  interesting  substance  which  distils  at  171°  and  had  not  previously 
been  described. 

In  conclusion,  we  give  a  brief  description  of  o-tolyldimethylcarhlnol, 
Me'Cgll^'CMeg'OH,  which  is  produced  when  ethyl  o-toluate  is  treated 
with  an  etheieal  solution  of  magnesium  methyl  iodide  and  of  o-methyl- 
isopropenylbenzene,  ^Le'CcJi^'CMe'CH^,  which  is  obtained  from  it  by 
the  elimination  of  water.  These  are  interesting  because  they  are  the 
parent  substances  of  which  many  of  the  compounds  described  in  this 
paper  are  the  tetra-  and  hexa-hydro-derivatives. 

Hexahydro-o-toluic  Acid,  CHg'C^jH^o'COgH. 

Hoxahydro  o-toluic  acid  was  first  prepared  by  a  synthetical  process, 
namely,  from  the  product  of  the  interaction  of  the  sodium  derivative 
of  ethyl  malonate  with  methylpentamethylene  dibromide, 

Me-CHBr-CHo-CH.-CHa-CHgBr, 
by  hydrolysis  and  elimination  of  carbon   dioxide  (Freer  and   Perkin, 
Trans.,  1888,  53,  208). 

The  acid  obtained  in  this  way  is  an  oil  which  distils  at  236°;  it 
was  subsequently  shown  (Goodwin  and  Perkin,  Trans.,  1895,  67,  123) 
that  this  is  the  cis-modification  of  hexahydro-o-toluic  acid,  and  that  it 
may  be  partially  converted  into  the  iJYwis-modification  (m.  p.  50 — 52°) 
by  heating  with  hydiochloric  acid  at  200°. 

Markownikoff  and  Sernoff  {J.  pr.  Chem.,  1894,  49,  65)  first  reduced 
o-toluic  acid  with  sodium  and  tsoamyl  alcohol,  and  the  acid  obtained 
in  this  way  proved  to  be  the  ira?is-m^dification,  very  little,  if  any, 
of  the  cz's-acid  being  produced ;  shortly  afterwards,  Einhorn  {Annalen, 
1898,  300,  172)  showed  that  when  phthalide  is  reduced  in  ^soamyl- 
alcoholic  solution  with  sodium,  both  the  cis-  and  ^ra?is-mo(lifications 
are  formed.     In  prpparing  the  large  quantities  of  ^r«ns-hexahydro-o- 
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toluic  acid  required  for  the  present  investigation,  a  modification  of 
Mai-kownikoff  and  Sernoff's  process  was  found  to  be  the  most  con- 
venient. o-Toluic  acid  (10  grams)  is  dissolved  in  isoamyl  alcohol 
(500  grams)  and  reduced,  in  the  usual  manner,  at  the  boiling  tempera- 
ture with  sodium  (50  gi-ams).  Water  is  added,  the  isoamyl  alcohol 
washed  twice,  and  distilled  until  the  temperature  rises  to  130°,  when 
it  is  ready  for  use  in  a  subsequent  reduction. 

The  aqueous  extract  is  nearly  neutralised  with  dilute  sulphuric  acid, 
evaporated  until  free  from  dissolved  ?*soamyl  alcohol,  acidified,  and 
extracted  with  ether.  After  distilling  off  the  ether,  the  rei-idue  is 
dissolved  in  dilute  sodium  cai-bonate,  mixed  with  ice,  and  treated 
with  cold  saturated  permanganate  until  the  colour  remains,  carbon 
dioxide  being  passed  and  the  liquid  stirred  by  a  turbine  during  the 
operation.  The  excess  of  permanganate  is  destroyed  by  the  addition 
of  sodium  sulphite,  the  solution  evaporated,  acidified,  and  distilled  in 
steam,  when  an  oily  acid  passes  over  which  soon  crystallises.  This 
is  collected  at  the  pump  and  the  dissolved  acid  recovered  by 
neutralising,  evaporating,  acidifying,  and  extracting  with  ether.  The 
ethereal  solution  is  dried  over  calcium  chloride  and  the  hexahydro- 
o-toluic  acid  (b.  p.  238 — 242°)  separated  by  fractionation  fropa  the 
considerable  quantity  of  isovaleric  acid  which  is  always  present. 

The  yield  of  crystalline  <ra?is-hexahydro-o-toluic  acid  obtained  by 
this  process  is  70  per  cent,  of  that  theoretically  possible. 

Ethyl  Hexahydroo-toluate,  CHg-CgHj^o'COgEt. — This  ester  is  readily 
prepared  by  dissolving  the  hexahydro-acid  (40  grams)  in  a  mixture  of 
alcohol  (160  c.c.)and  sulphuric  acid  (16  c.c),  and,  after  leaving  over- 
night, heating  to  boiling  for  one  hour.  Water  is  then  added,  the  ester 
extracted  with  ether,  the  ethereal  solution  washed  with  dilute  sodium 
carbonate,  dried  over  calcium  chloride,  evaporated,  and  the  residue 
purified  by  distillation  under  the  ordinai-y  pressure. 

0-2244  gave  0-5787  CO2  and  0-2126  H2O.     C  =  70-4  ;  H  =  10-6. 
CjoH^gOg  requires  0  =  70*6  ;  H=  10-6  per  cent. 

Ethyl  hexahydro-o-toluate  distils  at  203— 204°/753  mm.,  and  has 
a  pleasant  aromatic  odour  somewhat  resembling  that  of  anisaldehyde. 


Ethyl  a-Bromohexahydro-o-toluate, 

Telrahydro-o-toluate,  CHg'CgHg'COgEt. 

Sernoff  {Ber.,  1899,  32,  1167)  has  shown  that  hexahydro-o-toluic 
acid  reacts  with  bromine  in  the  presence  of  amorphous  phosphorus, 
yielding  the  acid  bromide  of  a-bromohexahydro-o-toluic  acid,  and  from 
this  the  bromo-acid  itself  was  readily  obtained  by  treatment  with  formic 
acid.     In  our  experiments  on  the  preparation  of  this  bromo  acid  and 
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its  ester,  we  have  found  the  following  modification  to  be  much  more 
convenient  than  the  process  described  by  Sernoff.  Hexahydro-o-toluic 
acid  (20  grams)  is  mixed  with  phosphorus  pentachloride  (35  grams)  in 
a  flask  fitted  with  a  ground-in  condenser,  and,  after  the  vigorous  action 
has  ceased,  the  mixture  is  heated  on  the  water-bath  for  half  an  hour. 
The  well-cooled  product  is  mixed  with  bromine  (10  c.c.)  and  heated  on 
the  water-bath  for  two  days,  care  being  taken,  by  regulating  the 
temperature,  that  only  slight  loss  of  bromine  by  evaporation  occurs. 
The  product  is  poured  in  a  thin  stream  into  four  times  its  volume  of 
alcohol,  the  vigorous  reaction  being  controlled  by  running  water  in 
such  a  way  that  the  temperature  does  not  rise  above  40°,  and,  after 
standing  for  24  hours,  water  is  added  and  the  bromo-ester  extracted 
with  ether. 

The  ethereal  solution. is  freed  from  bromine  and  alcohol  by  washing 
with  water  and  sodium  sulphite,  dried  over  calcium  chloride,  evaporated, 
and  the  residue  distilled  under  reduced  pressure,  when  ethyl  a-bromo- 
hexahydro-o-toluate  is  obtained  as  a  colourless  oil  which  distils  at 
135725  mm. 

0-3635  gave  0-2827  AgBr.     Br  =  331. 

C^^H^yOoBr  requires  Br  =  32-1  per  cent. 

In  order  to  convert  this  bromo-ester  into  A'^-tetrahydro-o-toluic  acid, 
the  method  was  attempted  which  had  given  such  excellent  results  in 
the  case  of  ethyl  a-bromohexahydro-ptoluate,  namely,  treatment  with 
alcoholic  potash  (Perkin  and  Pickles,  Trans.,  1905,  87,  645).  This 
process  was,  however,  unsuitable  in  the  present  instance,  since  the 
tetrahydro-acid  produced  was  found  to  be  always  contaminated  with 
o-toluic  acid,  the  excess  of  alcoholic  potash  having  obviously  acted  as 
an  oxidising  agent. 

We  subsequently  found  that  ethyl  tetrahydro-o-toluate  may  be 
obtained  in  an  almost  pure  state  direct  from  the  bromo-ester  by  the 
action  of  quinoline,  or,  better  still,  of  diethylaniline.  Ethyl  a-bromo- 
hexahydro-o-toluate  (50  grams)  is  heated,  by  means  of  an  oil-bath, 
with  diethylaniline  (100  grams)  at  180°  for  1  hour,  the  product  is 
cooled,  poured  into  excess  of  dilute  sulphuric  acid,  and  the  oily  ester 
extracted  with  ether.  The  ethereal  solution  is  washed  first  with 
dilute  sulphuric  acid  and  then  with  sodium  carbonate,  dried  over 
calcium  chloride,  and  evaporated,  and  the  ester  pui-ified  by  fractional 
distillation. 

0-1085  gave  02788  CO^  and  00938  HoO.     C  =  70-1  ;  H  =  9-6. 
^10^10^2  I'equires  C  =  71-4;  H  =  9-5  per  cent. 

Ethyl  ^'^-Tetrahydro-o-toluate  distils  at  148°/ 100  mm.  and  has  a 
pungent  odour,  somewhat  similar  to  that  of  ifsoamyl  acetate. 
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When  prepared  by  the  above  process,  the  yield  of  this  ester  is 
upwards  of  80  per  cent,  of  the  theoretical,  but  it  is  liable  to  contain 
traces  of  bromine,  and  for  this  reason  the  analytical  numbers  were 
not  satisfactory.  The  pure  ester  was  subsequently  prepared  from 
the  pure  tetrahydro-acid  by  treatment  with  alcohol  and  sulphuric 
acid  in  the  usual  manner  (compare  Trans.,  1905,  87,  646);  it 
boiled  at  148 — 1497100  mm.,  and  gave  the  following  results  on 
analysis : 

01318  gave  0-3446  CO.^  and  0-1141  H^O.     C  =  71-3;  H  =  9-6  per  cent. 

^'-Tetrahydro-o-toluic  acid  was  obtained  from  the  crude  ester  by 
hydrolysis  with  methyl-alcoholic  potash,  care  being  taken  during  the 
operation  to  exclude  air  as  far  as  possible,  since  the  acid  appears  to 
be  somewhat  readily  oxidised  to  o-toluic  acid  when  its  alkaline  solution 
is  exposed  to  the  air.  The  product  of  hydrolysis  was  poured  into 
dilute  sulphuric  acid,  when  an  oil  separated  which  rapidly  solidified  ; 
the  crystals  were  collected  at  the  pump,  washed  well,  and  recrystallised 
from  light  petroleum. 

0-2331  gave  0-5846  COg  and  0-1834  HgO.     C  =  68-4 ;  H  =  8-8. 
CgHjgOg  requires  0  =  68-6  ;  H  =  8-6  per  cent. 

As  stated  by  Sernoff,  tetrahydro-o-toluic  acid  melts  at  87°,  and  its 
solution  in  sodium  carbonate  instantly  decolorises  permanganate. 

Oxidation  of  Tetrahydro-o-toluic  Acid.     Formation  of  y-Acetohulyric 
Acid,  CH3-CO-CH2-CK,-CH2-C02H. 

Tetrahydro-o-toluic  acid  (5  grams)  was  dissolved  in  water,  and,  after 
the  solution  had  been  made  slightly  alkaline  with  sodium  carbonate 
and  mixed  with  much  powdered  ice,  a  cold  saturated  solution  of  per- 
manganate was  slowly  run  in,  the  whole  being  well  agitated  by  a  turbine, 
and  a  rapid  stream  of  carbon  dioxide  introduced  during  the  operation. 
As  soon  as  the  pink  colour  remained  for  several  minutes,  the  excess 
of  permanganate  was  destroyed  by  the  addition  of  a  little  sodium 
hydrogen  sulphite ;  the  product  was  then  heated  on  the  water-bath 
atid  filtered  at  the  pump.  The  filtrate  and  washings  of  the  manganese 
precipitate  were  nearly  neutralised  with  dilute  sulphuric  acid  and 
evapoi-ated  on  the  water-bath  to  a  small  bulk ;  excess  of  dilute 
sulphuric  acid  was  then  added  and,  after  saturating  with  ammonium 
sulphate,  the  whole  was  repeatedly  extracted  with  ether.  The 
ethereal  solution  was  dried  over  calcium  chloride  and  evaporated, 
when  a  viscid  oil  was  obtained  which  could  not  be  induced  to  crystal- 
lise.* 

*  In  the  hope  of  obtaining  a  crystalline  oxidation  product,  we,  in  our  first  ex- 
periments, tieated  this  oil  with  potassium  dichromate  and  dihite  sulphuric  acid, 
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Since  the  aqueous  solution  of  this  oil  immediately  yielded  preci- 
pitates with  phenylhydrazine  and  jo-bromophenyl hydrazine,  and  there- 
fore probably  contained  a  ketonic  acid,  the  whole  was  dissolved  in  a 
little  water  and  mixed  with  an  excess  of  semicarbazide  hydrochloride 
and  sodium  acetate.  After  warming  for  a  few  minutes  on  the  water- 
bath  and  allowing  to  remain  overnight  at  the  ordinary  temperature,  a 
considerable  quantity  of  a  granular  semicarbazone  had  separated,  which 
was  collected  and  recrystallised  from  water.  This  melted  at  170°,  and 
was  subsequently  proved,  by  direct  comparison,  to  consist  of  the  semi- 
carbazone of  y-acetobutyric  acid  (Bentley  and  Perkin,  Trans.,  1896, 
69,  1513).  The  powdered  semicarbazone  was  dissolved  in  concen- 
trated hydrochloric  acid,  and,  after  saturating  with  ammonium  sul- 
phate, the  solution  was  extracted  several  times  with  pure  ether.  The 
ethereal  extract  was  dried  over  calcium  chloride  and  evaporated,  when 
a  syrup  was  obtained  which  on  exposure  to  air  soon  solidified. 

In  contact  with  porous  porcelain,  traces  of  oily  impurity  were 
removed,  and  the  colourless,  crystalline  residue  then  gave  the  following 
results  on  analysis  : 

0-1500  gave  0-2702  CO^  and  0-1102  H2O.     0  =  49-1 ;  H  =  8-2. 
CgHj2^4  requires  C  =  48-7  ;  H  =  8-1  per  cent. 

This  acid  melted  at  40'^,  and  when  exposed  over  sulphuric  acid  was 
rapidly  dehydrated  and  converted  into  a  colourless  syrup.  This 
behaviour,  taken  in  connection  with  the  formation  and  properties  of 
the  semicarbazone,  suggested  that  the  acid  was  the  hydrate  of  aceto- 
hutyric  acid,  CH3-C(OH)2-CH2-CH^-CH2-C02H,  and  in  order  to  be 
certain  of  this  some  of  this  hydrate  was  prepared  (Bentley  and  Perkin, 
loc.  cit.),  when  a  direct  comparison  at  once  established  the  identity  of 
the  two  specimens. 

/^^■o-lVenthenol{8),  CH3-CeHs-CMe2-OH,  and  ^^-^^''^-o-Menthadiene, 
CHs-OgHg-CMelCHg. 

In  our  experiments  on  the  synthesis  of  A^-o-menthenol(8),  we  met 
with  unexpected  difliculties,  and  in  order  to  overcome  these  as  far  as 
possible  we  employed  a  very  pure  specimen  of  ethyl  A"-tetrahydro-o- 
toluate  which  had  been  prepared  from  the  pure  acid. 

This  ester  was  mixed  with  exactly  the  calculated  quantity  of  an 
ethereal  solution  of  magnesium  methyl  iodide,  and,  after  standing  for 
three  days,  the  product  was  decomposed  by  water  and  dilute  hydro- 
chloric acid,  the  ethereal  solution  separated,  evaporated,  and  hydrolysed 

with  the  result  that  we  obtained  large  quantities  of  succinic  acid,  which  had 
obviously  been  produced  by  the  oxidation  of  the  7-acetobutyric  acid  present  (Trans., 
1896,  69,  1512). 
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by  Ijoiling  with  a  large  excess  of  methyl-alcoholic  potash  for  two 
hours.  Water  was  then  added,  the  oil  extracted  with  ether,  the 
ethereal  solution  thoroughly  washed,  dried  over  calcium  chloride,  and 
evaporated.  Although  the  residue  was  rapidly  fractionated  under 
reduced  pressure,  it  was  not  fovind  possible  to  prepare  a  specimen  of 
A^-o-menthenol(8)  which  gave  good  numbers  on  analysis,  and  this  is 
apparently  due  to  the  alcohol  being  decomposed  somewhat  during 
distillation  into  water  and  the  hydrocarbon.  A  specimen  distilling  at 
110 — lll°/35  mm.  gave  the  following  analytical  results  : 

0-2193  gave  0-6388  CO.^  and  0-2260  HoO.     0  =  79-4;  H  =  ll-6. 

"When  this  was  again  fractionated,  it  was  noticed  that  a  small 
quantity  of  a  more  volatile  oil,  probably  hydrocarbon,  passed  over 
first,  and  the  fraction  109 — 110°/35  mm.,  which  was  collected,  gave 
the  same  analytical  results  as  before. 

0-1714  gave  0-4490  CO^  and  1780  H^O.     C  =  79-4  ;  H=ll-6. 
CjoHjgO  requires  C  =  77*9  ;  H=  11-7  per  cent. 

^'^-o-Menthenol{S)  is  a  colourless  syrup  which  has  a  pronounced 
odour  of  terpineol  and  peppermint.  The  solution  of  this  tertiary 
alcohol  in  acetic  anhydride  gives,  on  the  addition  of  a  drop  of  sulphuric 
acid,  a  brilliant  crimson  coloration  which  rapidly  fades. 

In  preparing  A^  =  ®""-o-menthadiene,  ethyl  A^-tetrahydro-o-toluate 
(prepared  from  ethyl  a-bromohexahydro-o-toluate  by  treatment  with 
diethylaniline,  see  p.  1073)  was  left  in  contact  with  a  large  excess  of 
an  ethereal  solution  of  magnesium  methyl  iodide  for  several  days,  the 
product  was  then  isolated  as  usual,  and  digested  with  twice  its  weight 
of  potassium  hydrogen  sulphate  for  one  hour.  After  distilling  in 
steam,  the  oil  was  extracted  with  ether,  the  ethereal  solution  dried 
over  calcium  chloride,  evaporated,  and  the  residue  fractionated,  at  first 
alone  and  then  three  times  over  sodium. 

0-1624  gave  0-5236  CO2  and  0-1720  HgO.     C  =  88-0;  H  =  ll-8. 
CjoHjg  requires  C  =  88-2  ;  H=  11-8  per  cent. 

A^'^^^^-o-Menthadiene  distils  at  177°/755  mm,  and  has  a  pronounced 
odour  of  pine  wood  and  lemons ;  it  is  slowly  oxidised  in  the  air,  and 
when  cooled  in  liquid  air  it  solidifies  to  an  opaque  mass  which  liquefies 
again  below  -  40°.  The  solution  of  the  hydrocarbon  in  acetic  anhy- 
dride gives,  on  the  addition  of  a  drop  of  concentrated  sulphuric  acid, 
only  a  pale  pink  coloration  which  rapidly  fades  (compare  p.  1086). 

Action  of  Bromine. — In  investigating  this  action,  the  hydrocarbon 
(1*1  grams)  was  dissolved  in  twice  its  volume  of  chloroform,  cooled  to 
-  10°,  and  then  titrated  with  a  standard  solution  of  bromine  in  chloroform. 
The  colour  disappeared  at  first  instantaneously,  but  when  1-35  grams 
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of  bromine  had  been  added  the  colour  was  only  very  slowly  discharged, 
and  then  with  elimination  of  hydrogen  bromide. 

The  amount  of  bromine  required  for  the  formation  of  the  additive 
compound,  C^o^i()^''2'  ^^  ^'^  grams;  it  is  therefore  obvious  that 
A^-^'"'-o-menthadiene  is  only  capable  of  combining  directly  with  two 
atoms  of  bromine. 

Reduction. — A^'^'^'-o-Menthadiene  is  reduced  only  with  great  difficulty, 
as  the  following  experiment  shows.  The  hydrocarbon  (7  grams)  was 
dissolved  in  boiling  alcohol  (250  c.c.)  in  a  large  flask  connected  with 
a  very  long  reflux  condenser ;  sodium  (20  grams)  was  then  added 
and  the  reduction  allowed  to  proceed  as  vigorously  as  possible. 

The  product  was  diluted  with  water,  and  the  hydrocarbon,  after 
extracting  with  ether,  twice  again  submitted  to  the  action  of  sodium 
and  alcohol ;  it  was  then  distilled  three  times  over  sodium,  when 
almost  the  whole  quantity  passed  over  at  173°  and  gave  the  following 
results  on  analysis  : 

0  1446  gave  0-4462  CO^  and  0-1651  H.O.     0  =  86-7;  H  =  12-6. 
OjoHjg  requires  C  =  87-0;  H  =  13-0  per  cent. 

Although    not    quite    pure,   this    hydrocarbon    is   evidently    A'"'*'-o- 

mentliene, 

CHMe 

/\ 
CH2  C:CMe, 

CH,  CH., 

\/     ^ 
CHg 

(compare  p.  1068). 

A^'-^^^^-0'3Ienthadiene  from  o-3fethijltetrahi/droj)heni/l  Methyl  Ketone. 

The  o-methyltetrahydrophenyl  methyl  ketone  used  in  this  synthesis 
was  prepared  according  to  the  directions  given  by  Kipping  and  Perkin 
(Trans.,  1889,  55,  330;  1890,  57,  13),  with  the  exception  that  we 
found  we  were  able  to  obtain  a  much  better  yield  of  aw-diacetyl- 
pentane  by  hydrolysing  ethyl  aw-diacetylcaproate  with  dilute  sulphuric 
acid  (20  per  cent.)  instead  of  with  alcoholic  potash.  The  pure  methyl- 
tetrahydrophenyl  methyl  ketone  (15  gi-ams)  was  added  to  an  ethereal 
solution  of  magnesium  methyl  iodide  (containing  7  gramsof  magnesium), 
when  a  rather  energetic  reaction  took  place ;  after  standing  overnight 
the  product  was  decomposed  by  dilute  hydrochloric  acid  in  the  usual 
mariner.  Since  the  examination  of  the  product  indicated  that  it  con- 
tained unchanged  ketone,  the  treatment  with  magnesium  methyl  iodide 
was  repeated,  the  reagent  being  employed  in  large  exce^^s  and  in  a  con- 
centrated form,  and  the  reaction  allowed  to  proceed  for  some  days  at 
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the  ordinary  temperature.  After  isolating  as  before,  the  hydrocarbon 
was  repeatedly  fractionated  over  sodium,  when  a  colourless  oil  was 
obtained  which  distilled  at  177°/754  mm.,  and  gave  the  following 
results  on  analysis  : 

0-1750  gave  0-5630  CO^  and  0-1869  HjO.     0  =  87-9;  H=ll-9. 
CjoH^g  requires  0  =  88-2  ;  H  =  1 1  -8  per  cent. 

In  order  to  obtain  further  evidence  that  this  substance  was  A'-*'"'-o- 
menthadiene,  its  behaviour  towards  bromine  was  investigated,  when  it 
was  found  that  0*73  gram  of  the  hydrocarbon,  when  titrated  with  a 
standard  solution  of  bromine  (p.  1076),  absorbed  0-90  gram  of  the 
halogen,  Avhereas  the  formation  of  the  dibromo-additive  product, 
CipHj^^Brg,  requires  the  absorption  of  0-86  gram  of  bromine. 

These  results,  together  with  a  general  comparison  of  the  properties 
of  the  two  preparations,  leave  little  room  for  doubt  that  the  hydro- 
carbon obtained  from  o-methyltetrahydrophenyl  methyl  ketone,  in  the 
manner  described  a.bove,  is  identical  with  that  which  is  formed  when 
ethyl  A'^-tetrahydro-o-toluate  is  treated  with  magnesium  methyl  iodide 
(p.  1076). 

o-Menthanol{8),  CHg-CgHio'CMea'OH. 

This  tertiary  alcohol  is  readily  obtained  when  ethyl  hexahydro-o- 
toluate  (40  grams)  reacts  with  a  large  excess  of  an  ethereal  solution 
of  magnesium  methyl  iodide  (containing  30  grams  of  magnesium),  but 
the  reaction  takes  place  somewhat  slowly,  and  it  is  advisable  to  leave 
the  mixture  for  at  least  three  days  before  working  it  up.  The  product 
is  then  treated  with  water  and  hydrochloric  acid,  the  ethereal  solution 
separated,  evaporated,  and  the  residue  digested  with  alcoholic  potash 
(10  grams  KOH)  for  half  an  hour.  Water  is  then  added,  the  oil 
extracted  with  ether,  the  ethereal  solution  well  washed  with  water, 
dried  over  calcium  chloride,  evaporated,  and  the  residue  fractionated 
under  reduced  pressure,  when  almost  the  whole  quantity  distils  at 
97 — 98°  (16  mm.),  and  soon  commences  to  crystallise.  After  re- 
maining for  24  hours  in  the  ice-chest,  the  crystals  are  rapidly 
collected  at  the  pump  and  left  in  contact  with  porous  porcelain  until 
quite  dry. 

0-1738  gave  0-4895  00^  and  0-1968  HgO.     C  =  76-9  ;  H  =  12-7. 
C10H20O  requires  0  =  76-9  ;  H  =  12-8  per  cent. 

Purified  in  this  way,  o-7nenthanol{8)  melts  at  about  56 — 58°,  and  is 
so  very  soluble  in  light  petroleum  and  other  organic  solvents  that  no 
attempt  was  made  to  recrystallise  the  small  quantities  at  our  disposal. 
It  is  very  readily  volatile,  and  possesses  a  most  pungent  odour  which 
closely  resembles  that  of  menthol. 
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Several  prepni-ations  of  this  substance  were  made  and  in  each  case 
a  large  quantity  of  an  oily  alcohol  was  obtained  which,  on  analysis, 
gave  numbers  agreeing  with  the  formula  CjyH,oO,  but  from  which  no 
crystals  could  be  obtained  by  freezing.  Since  the  structural  formula 
of  o-menthanol(8)  contains  two  asymmetric  carbon  atoms,  it  is 
possible  that  this  liquid  alcohol  is  a  stereoisomeric  modification  of  that 
melting  at  56—58°. 

o-Menthanol(8)  is  much  more  stable  towards  heat  and  dehydrating 
agents  than  most  of  the  similarly  constituted  tertiary  alcohols  which 
have,  so  far,  been  iovestigated,  and  in  order  to  convert  it  completely 
into  the  hydrocarbon  prolonged  boiling  with  potassium  |;yrc»sulphate  is 
necessary.  The  fraction  of  the  alcohol  distilling  at  90 — 100°  under 
16  mm.  pressure  (20  grams)  was  digested  with  powdered  potassium 
pyrosulphate  (40  grams)  for  1  hour,  water  was  then  added  and  the 
product  extracted  with  ether.  The  ethereal  solution  was  thoroughly 
dried  over  calcium  chloride,  evaporated,  and  the  treatment  with  pyro- 
sulphate repeated  ;  the  oil  was  then  extracted  as  before  and  fractionated 
under  the  ordinary  pressure.  There  was  still  some  unchanged  alcohol 
present,  but  after  two  fractionations  a  quantity  of  oil  was  obtained 
which  distilled  at  168 — 172°;  this  was  twice  distilled  over  sodium  and 
once  over  potassium  and  analysed. 

0-1187  gave  0-3785  CO,  ^nd  01 384  H.p.     C- 87-0  3  H  =  13-0. 
C^oH^s  requires  C  =  87-0  ;  H  =  13  0  per  cent. 

A^'''''-o-J/e7i«/iene  boils  at  167 — 1687750  mm.  and  has  a  faint  odour 
of  peppermint ;  its  solution  in  chloroform,  cooled  to  -  10°,  absorbs 
bromine  without  the  evolution  of  hydrogen  bromide,  and  on  investigat- 
ing this  reaction  quantitatively  it  was  found  that  1  gram  of  the  hydro- 
carbon decolorised  1-15  grams  of  bromine,  whereas  for  the  formation 
of  the  additive  product,  CjoH^gBr.,,  1-16  grams  of  bromine  are  required. 

o-Menthane,  CH3-CgHj(,'CHMe2. 

In  order  to  prepare  this  hydrocarbon,  o-menthanol(8)  was  shaken 
at  intervals  during  12  hour's  with  a  large  excess  of  an  aqueous  solution  of 
hydrogen  bromide  (saturated  at  0°).  Water  was  then  added,  the  8-bromo- 
o-menthane  extracted  with  ether,  the  ethereal  solution  dried,  evapo- 
rated, and  the  oil  dissolved  in  glacial  acetic  acid  and  reduced  with  zinc 
dust,  at  first  at  the  ordinary  temperature  and  then  on  the  water-bath, 
After  adding  water,  the  product  was  extracted  with  ether,  the  ether 
evaporated,  and  the  residual  oil  left  in  contact  with  a  solution  of 
acetic-hydrobromic  acid  (saturated  at  0")  for  12  hours  ;  acetic  acid  was 
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then  added  and  the  treatment  with  zinc  dust  repeated.  The  whole  of 
the  latter  operation  was  repeated,  the  hydrocarbon  was  then  ex- 
tracted and  fractionated,  and  the  fraction  160 — 180°  shaken  with  a 
1  per  cent,  solution  of  permanganate  until  the  colour  remained  for 
several  minutes.  The  hydrocarbon  was  then  extracted  with  ether  and 
purified  by  distillation  in  the  first  place  alone,  the  fraction  boiling  at 
170 — 172°  being  then  repeatedly  distilled  over  sodium. 

0-1808  gave  0-5666  CO,  and  0-2274  H^O.     C  =  85-5;  H=14-l. 
CjoHgo  requires  C  =  85-7  ;  H=14-3  per  cent. 

o-JIenthaiie  distils  constantly  at  171°/758  mm.,  and  possesses  a  faint 
odour  which  is  very  similar  to  that  of  light  petroleum. 


1  -3Ieth9/lcyc\.ohexaiione{2 ) . 

The  starting  point  in  these  experiments  was  a-hydroxyhoxahydro-o- 
toluic  acid,  which  was  prepared  in  quantity  by  a  method  similar  to 
that  recommended  by  Sernoff  (Ber.,  1899,  32,  1169). 

a-Bromohexahydro-o-toluic  acid  was  ground  to  a  paste  with  water, 
dissolved  in  an  excess  of  dilute  sodium  carbonate,  the  solution  allowed 
to  stand  for  a  few  days,  and  then  heated  for  one  hour  on  the  water- 
bath.  The  product  was  acidified  and  extracted  with  ether  and,  after 
drying  over  calcium  chloride  and  evaporating,  the  crude  a-hydroxyhexa- 
hydro-o-toluic  acid  was  powdered  and  stirred  with  five  times  its  volume 
of  concentrated  sulphuric  acid,  care  being  taken  that  the  temperature 
did  not  rise  above  40°.  The  acid  dissolved  rapidly  in  the  sulphuric 
acid,  and  was  at  once  decomposed  with  evolution  of  carbon  monoxide, 
and  after  remaining  for  one  hour  at  the  ordinary  temperature  water 
was  added  and  the  product  distilled  in  steam.  At  first,  a  very  readily 
volatile  oil  j)assed  over  with  the  condensed  water,  the  oil  then  became 
viscid,  and  lastly  semi-solid,  and  a  small  quantity  of  a  dark  brown 
residue  remained  in  the  distillation  flask.  The  distillate  was  extracted 
with  ether,  the  ethereal  solution  washed  with  sodium  carbonate,  dried 
over  calcium  chloride,  evapoi'ated,  and  the  residue  several  times 
fractionated. 

With  the  exception  of  a  small  quantity  of  a  less  volatile  substance, 
which  is  probably  a  condensation  product,  almost  the  whole  quantity 
distilled  at  164 — 165°/770  mm.  as  a  colourless  oil  which  possessed  in 
a  marked  degree  the  penetrating  but  pleasant  odour  of  the  ci/clo- 
ketones.  The  analysis  and  subsequent  examination  of  the  properties 
showed  that  this  substance  is  l-metbylc^c/ohexanone(2). 

0-2639  gave  0-7234  CO,  and  0-2550  H^O.     C  =  74-8  ;  H  =  10-8. 
CyHjgO  requires  C  =  75-0  ;  H  =  10-7  per  cent. 


I 
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l-MethyIcyc\ohexano7ie{2)  had  already  been  prepared  by  Zelinsky  and 
Generosoff  (Ber.,  1896,  29,  731 ;  1897,  30,  1542)  from  a-methyl- 
pimelic  acid  by  distillation  with  soda-lime,  and  these  authors  describe 
it  as  a  pleasant  smelling  oil  distilling  at  165 — 1667770  mm.,  and 
yielding  a  semicarbazone  melting  at  193  — 194°  with  decomposition. 

Dieckmann  [Annalen,  1901,  317,  107)  obtained  the  same  ketone  by 
the  hydrolysis  of  ethyl  a-methyl-/5-ketohexamethylenecarboxylate  with 
aqueous  caustic  potash  and  states  that  it  distils  at  160 — 1617720  mm. 
Wallach  (Annalen,  1903,  329,  372)  showed  that  l-methylc?/c?ohexa- 
none(2)  is  produced  when  A^-tetrahydrotoluene  is  converted  into  the 
nitrosate  and  the  latter  treated  with  sodium  methoxide,  and  quite 
recently  {Compt.  rend.,  1905,  140,  350 — 352)  Sabatier  and  Mailhe  have 
described  a  method,  namely,  the  reduction  of  o-cresol  to  1-methylcycfo- 
hexanol(2)  and  subsequent  oxidation,  by  means  of  which  this  ketone 
may,  apparently,  be  prepared  in  quantity. 

In  order  to  identify  further  the  I-methyIc?/c/ohexanone(2)  obtained 
by  us,  we  treated  it  with  semicarbazide  hydrochloride  and  sodium 
acetate,  when  a  sparingly  soluble  semicarbazone  separated  at  once 
which  crystallised  from  methyl  alcohol  in  glistening  plates  and  melted 
at  about  190 — 192°  with  decomposition. 

The  sodium  carbonate  extract  of  the  ethereal  solution  of  the  ketone 
(see  above)  yielded,  on  treatment  with  excess  of  hydrochloric  acid,  a 
considerable  quantity  of  a  sparingly  soluble  acid  which  was  recognised 
as  A"-tetrahydro-o-toluic  acid. 

o-Menihanol{2),  CH3'CH:[CH,],:C(0H)'C3H.,  and  ^^-o-Menthene, 
C  H  2*  C^Hg*  Cgll-.. 

In  preparing  the  first-named  substance,  l-methylc^c^oliexanone(2)  was 
dissolved  in  ether,  mixed  with  a  large  excess  of  an  ethereal  solution  of 
magnesium  tsopropyl  *  iodide,  and  left  for  three  days  at  the  ordinary 
temperature.  The  product  was  decomposed  by  water  and  dilute 
hydrochloric  acid,  the  ethereal  solution  separated,  washed  with  sodium 
sulphite  {to  remove  iodine),  dried  over  anhydi'ous  sodium  sulphate, 
evaporated,  and  the  residue  twice  fractionated,  when  a  colourless  oil 
was  obtained  which  distilled  at  93 — 95725  mm. 

0-1177  gave  0-3293  CO,  and  0-1359  H,0.     C-76-3;  H  =  12-9. 
CioH^oO  requires  C  =  76-9  ;  H  =  12-8  per  cent, 

*  It  happens,  not  iiifrequentl}',  that  commercial  magnesium  powder  will  not 
Veact  with  an  ethereal  solution  of  isopropjl  iodide.  If,  however,  the  magnesium  is 
left  in  contact  with  an  ethereal  solution  of  methyl  iodide  until  a  vigorous  action  has 
set  in,  then  washed  thoroughly  with  ether  and  at  once  mixed  with  the  ethereal 
solution  of  isopropyl  iodide,  the  reaction  will  be  found  to  proceed  in  a  satisfactory 
manner. 

VOL.   LXXXVII.  4  c 
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o-Menthanol(2)  is  a  viscid  liquid  and  possesses  a  penetrating  odour 
very  similar  to  that  of  menthol,  with  which  it  is  isomeric. 

This  alcohol  was  now  digested  with  twice  its  weight  of  powdered 
potassium  hydrogen  sulphate  in  a  reflux  apparatus  heated  in  an  oil- 
bath  at  190°.  "Water  was  added,  the  product  distilled  in  steam,  the 
distillate  extracted  with  ether  and,  after  washing  thoroughly  with 
sodium  carbonate,  the  ethereal  solution  was  dried  over  calcium  chloride 
and  evaporated.  The  residue  was  then  fractionated,  twice  in  the 
ordinary  way  and  again  twice  over  sodium,  when  a  colourless  oil  was 
obtained  which  gave  the  following  results  on  analysis  : 

0-1481  gave  0-4699  COo  and  0-1740  HoO.     C  =  86-5;  H=13-0. 
CjQHjg  requires  C  =  87-0;  H  =  13'0  per  cent. 

A^-o-Menthene  distils  at  165 — 168°  and  possesses  a  faint  odour  of 
peppermint ;  its  solution  in  chloroform  instantly  decolorises  bromine, 
and  when  this  reaction  was  quantitatively  investigated  it  was  found 
that  0-976  gram  of  the  hydrocarbon  (dissolved  in  chloroform  and 
cooled  to  —15°)  decolorised  1-2  grams  of  bromine,  whereas  the  theor- 
etical amount  required  for  the  formation  of  the  additive  compound, 
C^oH^gBrg,  is  1*13  grams  of  bromine. 

o-Tolyldhnethylcarhinol,  Q'R^'Q^Xi^'QM.e^^'OH. 

In  preparing  this  alcohol,  ethyl  o-toluate  (25  grams)  was  added  to 
an  ethereal  solution  of  magnesium  methyl  iodide  (containing  7  grams 
of  magnesium)  and  the  mixture  allowed  to  remain  overnight. 

The  product  was  decomposed  by  the  addition  of  water  and  dilute 
hydrochloric  acid,  the  ethereal  solution  separated,  evaporated,  and  the 
residue  digested  with  a  methyl-alcoholic  solution  of  caustic  potash 
(6  grams)  for  half  an  hour.  Water  was  then  added,  the  oil  extracted 
with  ether,  the  ethereal  solution  well  washed,  dried  over  calcium 
chloride  and  evaporated,  and  the  alcohol  purified  by  distillation  under 
reduced  pressure,  when  almost  the  whole  quantity  passed  over  at 
107 — 11 5°/ 15  mm.  On  repeated  fractionation  under  the  same 
pressure,  the  portion  which  distilled  at  112°  solidified  almost  com- 
pletely and,  after  remaining  in  contact  with  porous  porcelain  until 
quite  dry,  the  colourless,  crystalline  mass  was  analysed. 

0-1512  gave  0-4432  CO^  and  0-1271  HgO.     C  =  80-0;  H  =  9-4. 
CjqHj^O  requires  C  =  80-0  ;  H  =  9*3  per  cent. 

o-Tohjldimetliylcai'hinol  melts  at  about  40°,  but  could  not  be  recrys- 
tallised  owing  to  the  fact  that  it  is  so  readily  soluble  in  organic 
solvents  ;  it  was  melted  and  allowed  to  crystallise  partially  and  the 
mass  rapidly  drained  on  pox'ous  porcelain,  but  this  treatment  did  not 
bring  about  any  appreciable  alteration  in  the  melting  point. 


EXPERIMENTS  ON  THE  SYNTHESIS  OF  THE  TERPENES.      1083 

o-Methyl\s,opropenylbenzene,  CHg-C^^H^-CMelCH^. 

This  hydrocarbon  was  prepared  by  digesting  crude  o-tolyldimethyl- 
carbinol  with  twice  its  weight  of  powdered  potassium  hydrogen 
sulphate  for  one  hour.  Sufficient  water  was  added  to  dissolve  the 
salt,  the  oil  was  then  extracted  with  ether,  the  ethereal  solution  dried 
over  calcium  chloride,  evaporated,  and  the  residue  distilled  under 
the  ordinary  pressure,  at  first  alone  and  lastly  twice  over  sodium. 

0-21U  gave  0-7021  COo  and  01730  Hp.     C  =  90-7;  H  =  9-l. 
C^qHj.j  requires  C  =  90'9  ;  H  =  9-1  per  cent. 

o-3Ieth7/lisopropenylbenzene  is  a  mobile,  highly  refractive  liquid  which 
distils  at  172 — 173°/756  mm.  and  has  an  odour  resembling  that  of 
2)-xylene.  When  its  solution  in  chloroform  is  cooled  to  -  10°  and 
titrated  with  a  standard  solution  of  bromine  in  chloroform,  it 
decolorises  exactly  the  amount  of  bromine  which  is  theoretically 
required  for  the  formation  of  the  dibromo-additive  product,  C^QTIjoBr2. 

The  ScHtTNCK  Laboratoey, 

The  Victoria  University  of  Manchester. 


CXYI. — Experiments  on  the  Syyithesis  of  the  Terpenes, 
Part  VI.     Derivatives  of  met-d- Cyme ne. 

By   William  Henry  Perkin,  jun.,    and  George  Tattersall  (1851 

Exhibition  Scholar  of  University  College,  Nottingham). 
The  remarks  which  were  made  at  the  commencement  of  the  preceding 
paper,  when  introducing  the  subject  of  the  terpenes  of  the  o-series,  are 
almost  equally  true  of  the  ??i-series,  since  only  two  terpenes  are  known, 
namely,  sylvestrene  and  carvestrene,  which  may  with  certainty  be 
classified  as  derivatives  of  wi-cymene. 

Sylvestrene  or  dextro-A^-®''''-»i-menthadiene,* 

CMe 

/\ 
CHg  CH 

CH,  CH-CMe:CH2 


*  The  scheme  of  numbering  employed  in  this  comimuiication  is  indicated  in  tlie 
following  formula : 

4  c  2 
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was  discovered  by  Atterberg  {Ber.,  1877,  10,  1202)  in  Swedish  oil  of 
turpentine  ;  it  distils  at  176°  and  its  most  important  properties,  from 
the  point  of  view  of  the  present  investigation,  are  the  fact  that  it 
yiekls  a  crystalline  tetrabromide,  CjoH^gBr^,  and  gives  an  intense 
blue  coloration  when  a  drop  of  sulphuric  acid  is  added  to  its  solution 
in  acetic  anhydride.  Baeyer  and  Villiger  {Ber.,  1898,  31,  2067)  made 
the  valuable  observation  that,  when  treated  with  bromine  and  then 
with  ziuc  dust  and  hydrochloric  acid,  sylvestrene  yields  ?«-cymene,  and 
this  fact,  taken  in  conjunction  with  other  properties,  leaves  little 
doubt,  not  only  that  this  terpens  is  a  derivative  of  ?«  cymene,  but  also 
that  it  has  the  constitution  which  is  represented  above. 

Carvestrene  has,  so  far,  not  been  met  with  in  nature,  but  Baeyer 
[Ber.,  1894,  27,  3485)  has  shown  that  it  may  be  artificially  obtained  by 
the  following  series  of  reactions,  Caronoxime  yields,  on  reduc- 
tion, carylamine  and  this  base,  when  treated  with  alcoholic  hydro- 
chloric acid,  is  converted  into  vestrylamine,  the  hydrochloride  of 
which  decomposes  on  distillation  into  carvestrene  and  ammonium 
chloride  : 

CHMe  CHMe  CMe 


CH2  CH-NHo  CH.,  CH-NH.3  CH2  CH 

CH2  CH         "      ~'^      CH,  CH-CMelCH,    "^      CH,  CH-CMeX'H. 

\/    I  \/  \/ 

CH-CMea  CH.^  CHg 

Caiylamiue.  Vestrylamine.  Carvestrene. 

Carvestrene  distils  at  178°,  is  inactive,  and  gives  the  same  colour 
reaction  with  sulphuric  acid  in  acetic  anhydride  solution  as  does 
sylvestrene  ;  it  absorbs  bromine  with  formation  of  a  solid  tetrabromide, 
C^gHj^Br^,  and  is  converted  into  m-cymene  when  it  is  treated  with 
bromine  and  then  with  zinc  dust  and  hydrochloric  acid  (Baeyer  and 
Yilliger,  loc.  cit.).  These  and  other  considerations  indicate  that  carves- 
trene is  the  inactive  modification  of  sylvestrene  or,  in  other  words 
that  sylvestrene  and  carvestrene  stand  in  the  same  relationship  to  one 
another  as  8-limonene  does  to  dipentene.  Since,  then,  sylvestrene  and 
carvestrene  are  the  only  representatives  of  the  meta-series  of  terpenes, 
it  was  thought  that  it  would  be  especially  interesting  to  synthesise 
some  of  the  unknown  members  of  this  group  in  order  to  compare  their  '\ 
properties  and  reactions  with  those  of  the  above-mentioned  hydro- 
carbons. 

The  starting  point  in  this  investigation  was  hexahydro-?rt-toluici 
acid,  which  was  prepared  by  the  reduction  of  ?>i-toluic  acid  by  means  of 
sodium  and  isoamyl  alcohol  (p.  1091).     When  this  acid  is  brominated, 
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it  yields  both  the  cis-  and  iraHS-modilications  of  a-bromohexahydro  ?«- 
toluic  acid  (p.  1092), 

CHMe 
/\ 

CH2  CBr-CO^H  ' 


and  the  mixed  acids  are  decomposed,  by  treatment  with  alkalis,  with 
elimination  of  hydrogen  bromide  and  formation  of  a  mixture  of  the 
A^-  and  A''-modifications  of  tetraliydro-?;i-toluic  acid  (p.  1093),* 

CHMe  CHMe 

/\  /\ 

CH,  CH2  CH2  CH 

CHo  C-CO^H  ^"^^  CH,  C-CO,H  . 

\>  \7         ^ 

CH  CH, 

A'.  A". 

Great  difficulty  was  experienced  in  separating  these  two  acids,  but 
complete  separation  was  ultimately  accomplished  by  taking  advantage 
of  the  fact  that  the  calcium  salt  of  the  A*^-acid  is  less  soluble  in  water 
than  that  of  the  A^-acid.  A^-Tetrahydro-»t-toluic  acid  is  a  crystalline 
solid  and  melts  at  60°,  whereas  the  isomeric  A''-acid  is  liquid  and  distils 
at  150711  mm. 

Having  separated  these  isomeric  acids,  it  was  next  necessary 
to  determine  their  constitutions  and  this  was  done,  in  each  case,  by 
exactly  the  same  process,  which  consisted  in  oxidising  first  with 
permanganate  and  then  with  potassium  dichromate  and  sulphuric  acid. 

It  was  found  that,  under  these  conditions,  the  tetrahydro-acid,  melt-  ^ 
ing  at  60°,  yields  (3-methi/IadipiG  acid  and  consequently  must  be  the 
A^-isomeride. 

CHMe  CHMe 


CH2  CH2  .  CH.  CH, 

i 1  i7iolrlc  riTx"     ' 

CH 

\ 


yields  ^       ^ 


CH 


On  the  other  hand,  the  liquid  tetrahydro-acid  is  oxidised  to  a-viethyl- 
adipic  acid,  a  fact  which  proves  that  it  must  be  A'^-tetrahydi-o-??i-toluic 
acid. 

*  Considerable  quantities  of  the  cis-  and  ixdJas-a-hydroxyhexahydro-m-toluic  adds 
are  also  produced  when  sodium  carbonate  is  employed  (compare  pp.  1088,  1098) 
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CHMe  CHMe 

CH,  CH  CHo  COoH 


yields 


CH,  C-CO^H  •^'"'""  CH,  CO,H  • 

V  V  " 

CHg  CHg 

Each  of  these  tetrahydro-acids  was  converted  into  its  ethyl  ester  by 
treatment  with  alcohol  and  sulphuric  acid  in  the  usual  manner,  and  these 
esters  were  then  employed  in  the  syntheses  described  in  the  next  section. 

m.- Menthenols  and  va-Mentliadunes. 

When  the  esters  of  A"-  and  A^-tetrahydro-«i-toluic  acids  are  treated 
with  an  ethereal  solution  of  magnesium  methyl  iodide,  they  are  con- 
verted into  A'^-m.-menthenol{S)  and  A•'-m-?;i'!?^i/ie/J0^(8)  respectively, 

CHMe  CHMe 

CH2     CH  CH2     CHg 

CH,  C-CMe,-OH  "^"^"^  CH,  C-OMe,-OH  . 


( 


CH2  CH 

a2,  a«. 

These  new  m-menthenols  distil  at  about  104 — 106°/20  mm.,  and  have 
an  odour  resembling  that  of  terpineol  and  peppermint.  They  are 
decomposed  by  digesting  with  potassium  hydrogen  sulphate,  with 
elimination  of  water  and  formation  of  the  corresponding  A* ■*'"*- and 
A^-*'^'-m-menthadienes, 

CHMe  CHMe 

/^ 
CH, 


CHgCH 

CHg  C-CMelCH, 


and 


CH2  CH 

A2  :  8(9).  A''  =  8(9). 

which  distil  at  about  187°  and  have  a  penetrating  odour  of  lemons 
and  peppermint  quite  distinct  from  that  of  the  menthadienes  of  the 
para-series  (dipentene,  &c.).  It  was  very  interesting  to  find  that  both 
of  these  new  j?i-menthadienes  show  the  carvestrene  reaction  in  a  very 
striking  manner,  that  is  to  say,  intense  colorations  are  produced  when 
a  drop  of  concentrated  sulphuric  acid  is  added  to  their  solutions  in 
acetic  anhydride.  The  colorations  produced  by  the  two  hydrocarbons 
are,  however,  distinct  :  A*'*'^'-m-menthadiene  yields  a  bluish-violet 
and  A^  =  ^'"'-m-menthadiene  a  reddish-violet  with  the  reagent  mentioned. 
Although,  then,  these  new  terpenes  show  this  curious  colour  reaction 


'J 

1 
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they  differ  sharply  from  carvestrene  (sylvestrene)  in  this  respect,  that 
whereas  carvestrene  combines  with  bromine  to  form  a  crystalline  tetra- 
bromide,  CjfiHjgBr^,  both  A"-^'''*-  and  A^-*'?'-??i-menthadiene,  under  the 
same  conditions,  are  only  capable  of  yielding  liquid  dibromides, 
CjoH^gBrg.  The  reason  for  this  is  to  be  sought  in  the  fact  that  the 
latter  hydrocarbons  both  contain  their  two  double  linkings  in  the 
position  -OIC-CIC-,  and  they  can,  therefore,  only  react  with  two  atoms 
of  bromine  to  form  additive  compounds  of  the  type  -CBr*C!C*CBr- ; 
in  carvestrene,  on  the  other  hand,  the  double  linkings  are  in  the 
position  -C!C-C-C!C-  and  the  hydrocarbon  is  able  to  behave  normally 
and  yield  a  tetrabromide  containing  the  grouping 
-CBr-CBr-C-CBr-CBr-. 
This  interesting  point  has  been  observed  and  discussed  in  two  of  the 
earlier  communications  on  the  synthesis  of  th«  terpenes  (Trans.,  1905, 
87,  611  and  667)  and  in  the  paper  preceding  this  (p.  1068). 

m.-2Ienthanols  and  la- Jlenfhenes. 

During  the  course  of  this  investigation,  we  have  succeeded  in 
synthesising  new  members  of  this  interesting  group,  and  the  method 
employed  in  the  first  instance  was  similar  to  that  which  had,  on  a 
previous  occasion,  led  to  the  synthesis  of  2;>-menthanol(8)  and 
A«<Vi^enthene  (Trans.,  1905,  87,  642).  Ethyl  hexahydro-»i-toluate 
was  prepared  and  left  in  contact  with  an  ethereal  solution  of  magnesium 
methyl  iodide,  when  it  was  slowly  converted  into  ?H-menthanol(8), 

CHMe 


CH2  CH-C(OH)Me.^ 


a  new  tertiary  alcohol  which  distils  at  102'^/20  mm.  and  is  decomposed 
by  boiling  with  potassium  hydrogen  sulphate  with  elimination  of  water 
and  formation  of  A'^'^'-^Ji-menthene, 

CHMe 


CH,  CH, 

I     2   ,     2 


CH, 


This  hydrocarbon  distils  at  170 — 1717753  mm.,  and  combines  readily 
with  bi'omine.  A  second  pair  of  substances  belonging  to  this  group 
was  subsequently  synthesized  by  the  following  series  of  reactions. 
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It  has  already  been  mentioned  (p.  1085)  that  sodium  carbonate  reacts 
readily  with  a-bromohexahydro-7?i-toluic  acid  and  that  one  of  the 
principal  products  of  the  decomposition  is  a-hydfoxyhexahydro-m-toluic 
acid.  When  this  acid  is  left  in  contact  with  concentrated  sulphuric 
acid  at  the  ordinary  temperature,  it  is  rapidly  decomposed  into  carbon 
monoxide,  water,  and  l-methylc3/cZohexanone(3),* 

CHMe  CHMe 


CH^  CH2  CH,  CH 


-> 


1^' 


CHg  C(0H)-C02H  ^  CH.  CO 

CH2  CH, 

and  this  ketone   reacts  readily  with  magnesium  tsopropyl  iodide  with 
formation  of  m.-menthanol{2)), 

CHMe 


CHg  C(0H)-CHMe2 


a  viscid  oil  which  distils  at  98 — 100725  mm.,  possesses  a  powerful 
odour  of  peppermint  and,  when  digested  with  potassium  hydrogen 
sulphate,  loses  water  and  is  converted  into  a  m-menihene  (b.  p. 
168°). 

The  position  of  the  double  linking  in  the  formula  of  this  hydro- 
carbon is  a  difficult  matter  to  determine  because  it  is  evident  that  the 
elimination  of  the  elements  of  water  from  ?ft-menthano](3)  can  take 
place  in  three  directions  "and  result  in  the  following  constitutional 
formulae  for  the  hydrocarbon  : 

CHMe  CHMe  CHMe 


CHg  CHg  C/Hg  CH9 

Ch'  C-CHMe.,  CH,  C-CHMe.,  CH.,  CICMe, 

CHo  CH 


Of  these,  however,  the  third  formula  may  be  shown  to  be  incorrect 
from  the  following  considerations.  A'"*''-'?»-]\Ienthene  contains  in  its 
molecule  two  tertiary  carbon  atoms  united  by  a  double  linking,  and  it 

*  Considerable  quantities  of  A^-tetrahydro-Hi-toluic  acid,  and  ap|iarent]y  also  some 
A''-tctraLydro-??i-toluic  acid  arc  formed  at  the  same  time  (p.  1104). 
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has  been   pointed  out  by  Thiele  {Ber.,  1894,  27,  455)  that  substances 
like  terpinolene, 


Me-C<p 


CH-CH 
CH.-CH 


■^>C:CMe., 


and  tetramethylethylene,  Me^CiCMeo,  which  contain  this  grouping,  yield 
nitrosochlorides  which  are  intensely  blue,  as  blue,  indeed,  as  crystals  of 
copper  sulphate.  Now  the  »i-menthene  jiroduced  by  the  dehydi-ation 
of  m-inenthanol(3)  yields  a  beautifully  crystalline  nitrosochloride 
(m.  p.  132°)  which  is  perfectly  colourless,  and  it  is  therefore  unlikely 
that  the  double  linking  in  the  hydrocarbon  is  in  the  same  position  as 
in  terpinolene  or  tetramethylethylene. 

It  is  much  more  difficult  to  decide  definitely  which  of  the  remaining 
formulte,  A^  or  A\  represents  the  hydrocarbon. 

The  direction  of  the  elimination  of  water  from  ??i-menthanol(3) 
should  be  the  same  as  that  which  takes  place  when  a-hydroxyhexahydro- 
m-toluic  acid  is  treated  with  sulphuric  acid,  and  in  this  case  the 
unsaturated  acid  produced  seems  to  consist  almost  entirely  of  A^-tetra- 
hydro-?H-toluic  acid, 

CHMe 

/\ 
CH,  CH.-, 

CH 

For  this  reason,  we  have  selected  the  second  of  the  above  f  jrmula?  for 
the  hydrocarbon  and  it  will  therefore  be  named  A''-??i-menthene  until 
evidence  to  the  contrary  can  be  brought  forward. 

In  discussing  this  subject,  attention  should  be  drawn  to  the  fact 
that  certain  members  of  the  menthanol  and  ??i-menthene  series  have 
already  been  synthesised  by  Knoevenagel  and  v.  Braun. 

Knoevenagel  (Anna/en,  1897,  297,  173)  has  described  a  synthesis  of 
m-menthanol(5)  and  has  converted  this  alcohol,  by  treatment  with 
phosphoric  oxide,  into  a  wi-menthene  which  may  be  either  the  A^-  or  the 
A^-hydrocarbon. 


CHMe 


CH^ 


CHMe 


CHMe 


CH. 
OH-CH   CH-CHMe. 


yields 


CH, 


CH 

CH 

\/ 
CH 


CH, 
CH-CHMeo 


CH 

1 1 
CH 


CH, 

CH-CHMeo 


CH., 


V.    Braun     (Annalen,    1900,    314,    173)    condensed     1-methylc^c^o- 
hexanone(3)  with  ethyl  a-bromoi&obutyrate  and  zinc  and  converted  the 
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methylhexanol/sobutyric  acid,  so  produced,  into   7u-menthene   by   the 
elimination  of  water  and  carbon  dioxide.  " 


CHMe 


CH.  CH2 

CH2CO 


CH, 


CHMe 


CH2  C(0H)'CMe2-C0,Et 
CH., 


yields 


CHMe 


CH,  C(0ZnBr)-0Me./C02Et 
CH„ 

CHMe 


■^2 

CHMe 


CH.,  C-CHMe., 

\7 

CH, 


CH2  CH, 
CH.,  C-CHMe., 


CH 


If  the  constitution  of  the  ^i-menthene,  synthesised  by  v.  Braun,  is 
that  represented  by  the  second  formula,  it  is  probably  identical  with 
the  A^-?;i-menthene,  which  is  produced  by  the  elimination  of  water 
from  ??i-menthanol(3)  in  the  manner  described  above. 

Unfortunately  the  ?>i-menthene  prepared  by  v.  Braun  was  only 
obtained  in  very  small  quantities  and  was  not  sufficiently  investigated 
to  allow  of  this  point  being  decided. 

This  paper  concludes  with  a  brief  description  of  m.-tolyldimethyl- 
carbinol,  CH3'CgH4'CMe2*OH,  which  was  readily  prepared  from  ethyl 
9?t-toluate  by  the  action  of  magnesium  methyl  iodide  and  which,  when 
digested  with  potassium  hydrogen  sulphate,  is  quantitatively  converted 
into  m-methi/lifioprojyeni/lbenzeiie,  CHg'CgH^-CMeiCHg.  These  are  the 
aromatic  compounds  of  which  several  of  the  terpenes  described  in  this 
paper  are  the  tetra-  or  hexahydro-derivatives. 


Rexahydro-m-toluic  Acid,  CHg'C^Hjg'COgH. 

Hexahydro-7?i-toluic  acid  appears  to  have  been  first  prepared  by 
Markownikolf  and  Hagemann  {J.  p'.  Chem.,  1894,  49,  71)  from 
wt-toluic  acid  by  reduction  with  sodium  and  isoamyl  alcohol,  but  the 
process  of  isolation  and  purification  which  they  adopted  does  not  give 
very  satisfactory  i-esults.  The  sjime  hexahydro-acid  was  subsequently 
obtained  by  Zelinsky  {Ber.,  1902,35,  2689)  from  3-iodo-l-methyl-cyc^o- 
hexane  by  treatment  with  magnesium  in  ethereal  sokition  and  then 
decomposing  the  magnesium  compound  formed  by  carbon  dioxide 
(compare  also  Ber.,  1897,  30,  1534). 


PT^r  ^CHMe-CH.,^.,„r 


CH2<g|^^f!:^g^>CH.C0.,H. 
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In  prepai'ing  the  large  quantities  of  material  which  were  required  for 
the  present  investigation,  we  employed  a  modification  of  Markownikoff 
and  Hagemann's  method  which  may  be  briefly  described  as  follows. 

9?t-Toluic  acid  (15  grams)  is  dissolved  in  isoamyl  alcohol  (750  grams) 
and  reduced  by  means  of  sodium  (75  grams),  exactly  as  described 
in  the  case  of  the  reduction  of  jo-toluic  acid  (Perkin  and  Pickles, 
Trans.,  1905,  87,  643).  After  the  removal  of  the  unsaturated  acids 
by  treatment  with  permanganate,  the  crude  acid  was  distilled  in 
steam,  the  steam  distillate  extracted  with  ether,  dried  over  calcium 
chloride,  evaporated,  and  carefully  fractionated  in  order  to  separate 
the  hexahydro-7n-toluic  acid  as  completely  as  possible  from  the  con- 
siderable quantities  of  isovaleric  acid  which  are  always  present. 

The  fraction  boiling  at  233 — 24:3°/755  mm.  consisted,  as  the  analysis 
showed,  of  the  nearly  pure  hexahydro-acid,  and  served  as  the  starting 
point  for  the  experiments  described  in  the  present  paper. 

Ethyl  IIexahydro-m.-toluate,  CHg-'O^H^Q-COgEt. — This  ester  was  pre- 
pared by  mixing  the  hexahydro-acid  (30  grams)  with  alcohol  (100  c.c.) 
and  sulphuinc  acid  (10  c.c).  The  mixture  was  allowed  to  stand  for 
24  hours  and,  after  heating  for  1  hour  on  the  water-bath,  water  was 
added,  the  oily  ester  extracted  with  ether,  the  ethereal  solution 
washed  with  water  and  sodium  carbonate,  dried  over  calcium  chloride, 
evaporated,  and  the  ester  purified  by  distillation,  when  almost  the  whole 
quantity  distilled  at  208 — 210°  as  a  colourless  oil  which  possesses  a 
pungent  but  not  unpleasant  odour. 

0-1660  gave  0-4287  COo  and  0-1598  HgO.     C  =  70-5  ;  H  =  107. 
C\qHjj,02  requires  C  =  70-6  ;  H  =  10-6  per  cent. 

Bromination  of  Hexahydro-m-toluic  Acid. 

Sernolf  (A.bstr.,  1899,  76,  422  ;  Chem.  Centr.,  1898,  69,  [i],  498)* 
studied  the  action  of  bromine  in  the  presence  of  amorphous  phosphorus 
on  hexahydro-??i-toluic  acid,  and  found  that  the  product,  on  treat- 
ment with  water,  yielded  an  acid  melting  at  118°  which  he  named 
a-bromo-acid.  When,  however,  the  product  of  bromination  was 
Seated  with  formic  acid  (sp.  gr.  1-2),  a  different  acid  melting  at  142° 
was  obtained  and  this  was  called  y8-bromo-acid  to  distinguish  it  fx-om 
the  other  isomeride.     Sernoff  suggests  that  the  formukvi 

Me     H  Me    Br 


Br  and  >/  M 


ft-Biomo-acid.  j8-Bromo-acid. 

The  original  paper  is  published  in  the  /.  Buss,  phys.  Chem,  Soc,  1897,   29, 
482—488. 
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probably  represent  the  constitutions  of  these  acids,  but  he  gives  no 
evidence  in  support  of  this  contention.  When  the  a-acid  (m.  p.  118°) 
was  heated  with  quinoline  at  100°,  it  was  decomposed  with  elimination 
of  hydrogen  bromide  and  formation  of  an  oily  tetrahydro-nx-toluic  acid, 
which  was  converted  into  a  solid  isomeride  melting  at  60 — 61°  when 
its  alkaline  solution  was  heated  on  the  water-bath. 
Sernoff  suggests  the  formula 

Me     H 

as  a  probable  representation  of  the  constitution   of  the  tetrahydro- 
m-toluic  acid  melting  at  60 — 61°. 

During  the  course  of  this  investigation  we  have  brominated  large 
quantities  of  hexahydro-Hi-toluic  acid,  and  whilst  the  results  which  we 
have  obtained  confirm,  in  several  particulars,  the  work  of  Sernoff,  we 
cannot  agree  with  his  theoretical  deductions,  since  it  seems  to  us  that 
the  two  bromo-acids  melting  at  118°  and  142°  are  not  structurally 
isomeric  but  represent  the  cis-  and  ^ra?t5-modifications  of  a  bromo- 
hexahydro-??t-toluic  acid. 

H     Me  Me     H 


lBr^CO.,H  !  BrJ-CO^H 


The  process  of  bromination  which  we  adopted  differed  from  that  of 
Sernoff  in  that  we  preferred  to  employ  phosphorus  pentachloride  in  the 
place  of  amorphous  phosphorus. 

Hexahydro-m-toluic  acid  (20  grams)  was  mixed  with  phosphorus 
pentachloride  (31  grams)  and,  after  the  reaction  had  subsided,  heated 
in  a  reflux  apparatus  on  the  water-bath  until  the  pentachloride  had 
completely  dissolved.  Bromine  (8  c  c.)  was  then  added  and  the  heating 
continued  for  about  8 — 9  hours;  the  product  was  then  cooled,  mixed 
with  three  times  its  volume  of  formic  acid  (sp.  gr.  r22),  and 
gently  heated  on  the  water-bath  for  about  an  hour. 

The  mixed  bromo-acids,  which  at  first  had  separated  as  an  oil, 
gradually  solidified  and,  after  collecting  at  the  pump  and  washing  with 
a  little  formic  acid,  the  mass  was  left  in  contact  with  porous  porcelain 
until  quite  dry,  and  then  weighed,  when  it  was  found  that  the  yield  of 
the  crude  product  of  the  bromination  was  about  28 — 30  grams.  By 
crystallising  the  product  several  times  from  light  petroleum,  trans-a- 
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bromohexahydro'Mi-toluic  acid  was  readily  obtained  pure  in  the  form  of 
colourless,  glistening  prisms  melting  at  142^ 

01610  gave  0-1350  AgBr.     Br  =  35-7. 

CgHjgOoBr  requires  Br  =  36 '2  per  cent. 

The  mother  liquor  was  evaporated  and  the  residue  crystallised 
several  times  from  formic  acid,  when  a  considerable  crop  of  colourless, 
glistening  crystals  was  obtained  which  melted  at  118°  with  slight 
previous  softening  and  consisted  of  ciVa-bromohexahydro-?n-toluic 
acid. 


01 561  gave  0-1331  AgBr.     Br-36-3. 

CgHjgOoBr  requires  Br  =  36-2  per 


cent. 


This  separation  of  these  two  isomeric  acids  depends  on  the  fact  that 
the  <rans-modification  is  less  soluble  in  light  petroleum  and  more 
soluble  in  formic  acid  than  the  cw-modification. 

A}-Tetrah2/dro-m.-toluic  Acid, 


When  a-bromohexahydro-??i  toluic  acid  is  digested  with  sodium 
carbonate,  part  of  the  acid  is  simply  hydrolysed  with  formation  of 
a-hydroxyhexahydro-m-toluic  acid  (p.  1098)  and  the  remainder  is 
decomposed  with  elimination  of  hydrogen  bromide  and  formation  of  a 
mixture  of  A^-  and  A'^-tetrahydro-m-toluic  acids,  from  which  the  A^-acid 
is  obtained  in  a  state  of  purity  by  the  following  process. 

The  bromo-acid  (30  grams)  is  dissolved  in  sodium  carbonate  (20 
grams)  and  warm  water  (200  c.c.)  and  heated  on  the  water-bath  for 
one  hour. 

Tiie  solution  is  cooled,  acidified,  and  extracted  with  ether  and,  after 
evaporating  off  the  ether,  the  oily  acid  is  distilled  in  steam  and  the 
distillate*  allowed  to  remain  in  a  cool  place  for  several  days,  when  a 
quantity  of  crystals  of  A^-tetrahydro-??i-toluic  acid  will  have  separated. 
These  are  collected,  left  in  contact  with  porous  porcelain  until  quite 
free  from  the  oily  A'^-tetrahydro-acid,  and  then  purified  by  recrystallis- 
ation  from  light  petroleum,  in  which  the  acid  is  ver}-  readily  soluble  and 
from  which  it  separates  in  plates. t 

*  The  residue  in  the  distillation  flask  contains  considerable  quantities  of 
a-hydroxyhexahydro-??i-toluic  acid  which  may  be  isolated  and  purified  in  the  manner 
described  on  p.  1098. 

t  The  porous  porcelain  used  in  the  purification  uf  the  A^-tetrahydro-acid  is  broken 
up  and  extracted  in  a  Soxhlet  apparatus  ;  the  extract  consists  of  a  mixture  of  the 
A'-  and  A"-tetrahydro-acids  and  these  are  separated  by  conversion  into  the  calcium 
salts  (p.  1095). 


1094        PERKIN    AND   TATTERSALL :    EXPERIMENTS    ON    THE 

0-1501  gave  0-3767  COg  and  0-1153  H^O.     0  =  68-4  ;  H  =  8-5. 
CsH^A  requires  0  =  68-6;  H  =  8-6per  cent. 

A^-Tetrahydro-??i  toluic  acid  melts  at  58 — 60°  and  is  obviously 
identical  with  the  tetrahydro-acid  (m.  p.  60 — 61°)  which  has  been 
described  by  Sernoff  (Abstr.,  1899,  76,  423);  it  is  very  soluble  in 
organic  solvents  but  sparingly  so  in  water  ;  its  solution  in  sodium 
carbonate  instantly  decolorises  permanganate. 

Ethyl  A^-Tetrahydi-o-m-toluate,  OH^j-OgHg-OOgEt. — This  ester  is 
readily  obtained  when  the  acid  (18  grams)  is  treated  with  alcohol  (100 
grams)  and  sulphuric  acid  (10  grams).  The  mixtvire  is  allowed  to 
remain  overnight  at  the  ordinary  temperature  and  afterwards  heated 
on  the  water-bath  for  three  hours,  water  is  then  added  and  the  oily 
ester  extracted  with  ether.  The  ethereal  solution  is  well  washed 
with  water  and  sodium  carbonate,  dried  over  calcium  chloride, 
evaporated,  and  the  ester  purified  by  distillation  under  reduced 
pressure. 

0-1706  gave  0-4456  CO,  and  0-1444  H.^O.     0  =  71-3;  H  =  9-4, 
0^QH^y02  requires  0  =  71-4;  H  =  9-4  per  cent. 

Ethyl  A^-tetrahydro-m.-toluate  distils  at  105°/ 11  mm,  and  possesses 
a  pungent  and  'unpleasant  odour  similar  to  that  of  the  higher 
unsaturated  esters  of  the  aliphatic  series. 

Oxidation  of  A^-Tetrahydro-na-toluic   Acid   with   Permanganate  and 
Chromic  Acid.     Formation  of  fi-Methyladipic  Acid. 

In  carrying  out  this  oxidation,  the  carefully  purified  acid  (14  grams) 
was  dissolved  in  a  slight  excess  of  dilute  sodium  carbonate  and,  after 
diluting  to  two  litres  and-  mixing  with  powdered  ice,  a  one  per  cent, 
solution  of  permanganate  was  slowly  run  in,  the  liquid  being 
thoroughly  stirred  by  a  turbine  and  a  rapid  stream  of  carbon  dioxide 
introduced  during  the  whole  operation.  As  soon  as  the  pink  colour 
remained  for  a  few  minutes,  the  excess  of  permanganate  was  destroyed 
by  the  addition  of  sodium  sulphite,  the  whole  was  then  heated  to 
boiling,  filtered,  and  the  filtrate  and  washings  of  the  manganese 
precipitate  evaporated  to  a  small  bulk.  After  acidifying  with  dilute 
sulphuric  acid  and  repeatedly  extracting  with  ether,  the  ethereal 
solution  was  evaporated  and  the  viscid,  oily  residue,  which  doubtless 
consisted  of  1  : 2-dihydroxyhexahydro-«i-toluic  acid  (compare  p.  1097), 
was  dissolved  in  a  little  water  and  oxidised  on  the  water-bath  with 
potassium  dichromate  and  sulphuric  acid  until  no  further  action  took 
place.  The  product  was  saturated  with  ammonium  sulphate, 
repeatedly  extracted  with  ether,  the  ethereal  solution  carefully  dried 
over  calcium  chloride  and  evaporated,  and  the  viscid  residue  exposed 
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over   svilpburic   acid  in  an  exhausted    desiccator,  when    it    gradually 
crystallised  and  ultimately  became  semi-solid. 

The  mass  was  left  in  contact  with  porous  porcelain  until  the  oily 
mother  liquor  had  been  completely  absorbed  and  the  colourless  residue 
was  then  crystallised  from  a  very  small  quantity  of  water. 

0-1675  gave  03208  CO^  and  0-1122  HoO,     0  =  52-4;  H  =  7-5. 
C-HjoO^  requires  C  =  52-5  ;  H  =  7-5  per  cent. 

The  basicity  of  this  acid  was  determined  by  titration  with  i\yi0 
caustic  potash,  when  it  was  fovmd  that  0'0990  required  for  neutralisa- 
tion 0-0691  gram  of  KOH,  whereas  this  quantity  of  a  dibasic  acid 
CyHjoO^  should  neutralise  0-0693  KOH.  This  acid  melts  at  93— 94'" 
and  agrees,  in  its  properties,  exactly  with  /3-methyladipic  acid, 
COoH-CHg-CHMe-CHo-CHg-OOgH,  an  acid  which  has  been  repeatedly 
obtained  by  Semmler  (Be):,  1892,  25,  3516),  Wagner  (Her.,  1894,  27, 
1642),  and  others  from  citronellal,  pulegon,  and  similar  substances 
by  degradation  with  potassium  permanganate.  Special  mention  may 
be  made  of  the  fact  that  it  exhibited  the  rather  curious  behaviour  on 
melting  to  which  Wagner  {loc.  cit.)  has  called  attention.  It  melted  at 
93 — 94°  and  when  withdrawn  from  the  apparatus  and  rapidly  cooled 
it  solidified,  and  the  melting  point,  taken  at  once,  was  found  to  be 
84 — 85° ;  after  half  an  hour,  the  melting  point  of  the  resolidified 
substance  had  again  risen  to  93 — 94°. 


i^^-Tetrahjdro-m-toluic Add,  (^      ^COoH. 

As  mentioned  in  the  last  section,  this  acid  is  produced  together  with 
the  A^-tetrahydro-acid  when  a-bromohexahydro-?n-toluic  acid  is  digested 
with  sodium  carbonate,  but  the  best  method  of  preparing  it  is  by  the 
hydrolysis  of  ethyl  a-bromohexahydro-?H-toluate  with  alcoholic  potash. 
Caustic  potash  (22  grams)  is  dissolved  in  methyl  alcohol  (200  c.c),  the 
solution  heated  to  boiling  in  a  large  flask  connected  with  a  long 
condenser,  and  then  ethyl  a-bromohexahydro-??i-toluate  (24  grams) 
poured  in  all  at  once.  A  vigorous  action  sets  in  with  separation  of 
potassium  bromide  and,  when  this  has  subsided,  the  whole  is  heated  on 
the  water-bath  for  about  two  hours  and  until  no  separation  of  oil 
takes  i^lace  when  a  small  quantity  of  the  liquid  is  diluted  with  water. 
The  product  is  mixed  with  water,  evaporated  until  quite  free  from 
methyl  alcohol,  acidified,  and  the  oily  acid  distilled  in  steam.  In  order 
to  sepai^ate  the  A'^-acid  from  the  A^-acid  which  is  always  present,  the 
distillate  is  extracted  with  ether,  the  ether  evaporated,  and  the  residue 
dissolved  in  excess  of  ammonia  and  heated  on  the  water-bath  with  a 
large  excess  of  a  strong  solution  of  calcium  chloride.     After  standing 
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overnight,  the  calcivim  salt  is  collected  at  the  pump,  washed  with  a 
little  watei'  and  several  times  recrystallised  from  dilute  calcium 
chloride  (the  salt  does  not  crystallise  well  from  water  alone),  when  the 
less  sparingly  soluble  salt  of  the  A^-acid  is  seen  to  separate  in 
voluminovis  bundles  of  slender  needles  or  in  long,  thin  hairs  and  is 
readily  distinguishable  from  the  more  soluble  salt  of  the  A^-acid 
which  separates  in  crusts.*  The  pure  A'^-calcium  salt  is  decomposed 
by  a  slight  excess  of  dilute  hydrochloric  acid  and  the  oily  acid 
extracted  with  pure  ether ;  the  ethereal  solution  is  dried  over  calcium 
chloride,  evaporated,  and  the  acid  fractionated  under  reduced  pressure, 
when  almost  the  whole  quantity  distils  at  150°/11  mm. 

0-1793  gave  0-4463  CO^  and  0-1416  H^.     C  =  67-9  ;  H  =  8-8. 
0-1925     „     0-4795  CO2  and  0-1512  HgO.     0  =  679  ;  H  =  8-7. 
C8H^2C>2  requires  C  =  68-6  ;  H  =  8-6  per  cent. 

When  cooled  to  - 15°,  A^-tetrahjclro-m-tohdc  acid  became  very 
viscid,  but  did  not  crystallise  even  when  vigorously  stirred  with  a 
glass  rod ;  it  is  very  sparingly  soluble  in  water,  but  dissolves  readily 
in  dilute  sodium  carbonate,  and  the  solution  decolorises  permanganate 
instantly. 

The  Calcium  Salt. — A  very  pure  specimen  of  this  salt,  prepared  as 
described  above,  was  washed  until  quite  free  from  calcium  chloride,  left 
exposed  to  air  for  ten  days,  and  then  analysed  with  the  following  results  : 

0-3672,  dried  at  100°  until  constant,  lost  0-0582  or  15-8. 
0-4162,         „       150—160°  until  constant,  lost  0-0792  or  19-0. 
0-3370,         „       160°,  yielded  0-1386  CaSO^.     Ca  =  12-2. 
CjfiHggO^Ca  requires  Ca  =  12-6  per  cent. 

These  results  show  that  the  air-dry  calcium  salt  contains  water  of 
crystallisation,  part  of  which  is  removed  at  100°,  but  the  remainder  is 
very  tenaciously  held  and  is  not  driven  off  until  a  temperature  of  160*^ 
is  reached. 

The  Silver  Salt. — In  order  to  prepare  this  salt,  the  pure  calcium  salt 
was  dissolved  in  hot  water,  a  few  drops  of  silver  nitrate  were  then 
added  and,  after  filtering,  the  silver  salt  was  precipitated  by  the  addition 
of  excess  of  silver  nitrate.  The  caseous  precipitate  was  collected  at  the 
pump,  washed  with  warm  water,  drained  on  porous  porcelain,  dried  at 
100°,  and  analysed. 

0-2114  gave  0-2974  COg  and  0' 

0-1901     „     0-0824  Ag.     Ag  = 

CgH^^OgAg  requires  C  =  38- 

*  This  salt  was  not  obtained  in  a  pure  state,  but  when  acidified  and  distilled  in 
steam  it  yielded  crystals  of  the  A'-tetrahydro-acid  mixed  with  varying  quantities  of 
the  oily  A'^-acid. 


I 


drained  on 

porous  porcelain,  dr 

0866  H2O. 

C  = 

38-4, 

H  =  4-5. 

=  43-3. 

8;  H  =  4-4 

;  Ag 

=  43-' 

r  per  cent 
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Ethyl  ^^-Tetrahydro-m-tohuite. — This  ester  was  prepared  by  heating 
the  acid  with  alcohol  and  sulphuric  acid  in  the  usual  manner ;  it  dis- 
tilled at  112720  mm.  and  possessed  an  unpleasant  odour,  very  similar 
to  that  of  an  ester  of  an  unsaturated  acid  of  the  aliphatic  series  of 
approximately  the  same  composition. 

0-1864  gave  0-4846  COo  and  01646  H.O.     C  =  70-9  ;  H  =  9-8. 
CiQHig02  requires  0  =  71-4;  H  =  9-5  per  cent. 

Oxidation  of  ^^-Tetrahydro-m-toluic  Acid  with  Permanganate  and 
Chromic  Acid.     Formation  of  a-Methyladipic  Acid. 

This  degradation  was  carried  out  exactly  as  described  in  the  case  of 
the  A*-tetrahydro-acid  (p.  1U94),  but,  owing  to  the  great  difficulties 
experienced  in  isolating  the  acids  formed,  it  was  found  necessary  to 
employ  larger  quantities  of  material,  and  therefore  60  grams  of  care- 
fully purified  acid  were  oxidised  in  four  equal  portions.  The  alkaline 
filtrate  from  the  manganese  precipitate  (before  oxidising  with  potassium 
dichromate  and  sulphuric  acid)  was  neutralised  and,  after  evaporating 
to  a  small  bulk,  acidified  and  extracted  10  times  with  pure  ether.  The 
second  and  tliird  extracts  were  collected  separately,  dried  over  calcium 
chloride,  and  evaporated,  when  an  almost  colourless  syrup  was  obtained 
which  consisted  of  nearly  pure  1  :  Q-dihydroxyhexahydro-m.-toluic  acid. 
After  remaining  for  a  week  over  sulphuric  acid  in  an  exhausted 
desiccator,  the  following  results  were  obtained  on  analysis  : 

0-1391  gave  0-2830  CO^  and  0-0993  H^O.     0  =  55-4  ;  H  =  7-9. 
OgHj^O^  requires  0  =  55*1 ;  H  =  8-0  per  cent. 

That  this  acid  was  not  quite  pure  was  shown  by  titration  with  jV/]() 
caustic  soda,  when  1-09  neutralised  0-27  NaOH,  whereas  this  amount 
of  a  monobasic  acid  OgHj^O^  should  neutralise  only  0-25  NaOH. 

The  remainder  of  the  dihydroxy-acid  was  oxidised  by  potassium 
dichromate  and  sulphuric  acid,  and,  as  the  product  was  a  syrup  which, 
after  standing  for  some  weeks  over  sulphuric  acid  in  an  exhausted 
desiccator,  showed  no  signs  of  crystallisation,  it  was  converted  into  the 
ester  by  treatment  with  alcohol  and  sulphuric  acid  in  the  usual 
manner. 

On  fractionating  the  ester,  about  two-thirds  passed  over  at  135 — 137° 
under  25  mm,  pressure  and  yielded,  on  analysis,  numbers  agreeing 
approximately  with  those  required  for  the  ester  of  a  methyladipic  acid. 
The  ester  was  hydrolysed  with  methyl-alcoholic  potash,  the  product 
evaporated  with  water  until  free  from  every  trace  of  alcohol,  acidified, 
and  the  very  soluble  acid  repeatedly  extracted  with  pure  ether.  After 
drying  over  calcium  chloride  and  evaporating,  the  oily  acid  was  distilled, 
when  almost  the  whole  quantity  passed  over  at  220°/30  mm.  as  a  very 

VOL.    LXXXVII.  4   D 


1098        PERKIN    AND   TATTERSALL  :    EXPERIMENTS    ON   THE 

viscid,  colourless  syrup  which,  on  standing  for  some  weeks  in  a  cool  place, 
gradually  became  semi-solid.  The  mass  was  left  in  contact  with  poroui 
porcelain  for  several  days,  the  sticky  residue  was  dissolved  in  a  little 
water,  digested  with  animal  charcoal,  and,  after  evaporating  to  a  small 
bulk,  the  solution  was  allowed  to  concentrate  further  over  sulphuric 
acid  in  an  exhausted  desiccator.  The  crystalline  mass  which  slowly 
separated  was  drained  on  porous  porcelain  and  recrystallised  in  exactly 
the  same  way  as  before.  The  colourless,  crystalline  acid  melted  at 
63 — 66°  and  crystallised  with  very  great  difficulty,  and  these  properties, 
taken  in  conjunction  with  the  analytical  numbers,  clearly  indicate  that 
the  substance  is  a-methyladipic  acid, 

C02H-CHMe-CH./CHo-CH2-C02H. 

0-139  gave  0-0925  H^O  and  0-2672  CO^.     0  =  52-5;  H  =  7-4. 
C-HjoO^  requires  C  =  52  5  ;  H  =  7-4  per  cent. 

The  basicity  of  this  acid  was  determined  by  titration  with  NjlQ 
caustic  potash,  when  it  was  found  that  0-1481  neutralised  0-103  gram 
of  the  alkali,  whereas  this  quantity  of  a  dibasic  acid,  C-Hj.^O^,  requires 
0*1035  gram  of  KOH  for  neutralisation. 

a-Methyladipic  acid  was  first  prepared  by  Bone  and  Perkin  (Trans., 
1895,  67,  115),  who  gave  64°  as  the  melting  point  of  a  specimen  of  the 
acid  which  had  been  purified  exactly  as  described  above.  The  difficulty 
which  was  experienced  at  that  time  in  recrystallising  small  quantities 
of  the  acid  has  since  been  observed  by  others  who  have  worked  on  the 
subject,  and  has  made  the  task  of  identifying  the  acid  in  the  present 
investigation  a  matter  of  unusual  difficulty.  When  large  quantities  of 
a-methyladipic  acid  are  available,  it  will  probably  be  found  that  the 
melting  point  63 — 66°  is  not  quite  correct. 


a-Hydroxyhexahydro-m.-toluic  Acid,* 

This  acid  is  produced  in  considerable  quantities,  together  with  the 
A^-  and  A^-teti'ahydro-7rt-toluic  acids,  when  dilute  sodium  carbonate 
acts  on  a-bromohexahydro-m-toluic  acid,  and  remains  behind  in  the 
distillation  flask  after  these  tetrahydro-acids  have  been  removed  by 
distillation  in  steam  (p.  1093).  The  aqueous  solution  is  filtered,  ex- 
tracted several  times  with  ether,  the  ethereal  solution  dried  over 
anhydrous  sodium  sulphate,  evaporated,  and  the  residue  distilled  under 
reduced  pressure,  when  a  very  viscid,  colourless  syrup  passes  over 
almost  constantly  at  170 — 175°/20  mm. 

*  The  acid  described  in  this  section  is,  in  all  probaliility,  the  i?Y«is-modification 
of  a-hydroxyhexahydro-wi-toluic  acid,  the  c/s-modification,  which  was  not  isolated, 
being  contained  io  the  mother  liquors. 
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0-2217  gave  0-4997  CO2  and  0-1750  HgO.     C  =  61-4;  H  =  8-8. 
CgHi^Oa  requires  0  =  60-8  ;  H  -  8-8  per  cent. 

When  this  substance  was  examined,  it  was  found  that  it  reduced 
permanganate,  and  it  is  therefore  evident  that,  during  distillation, 
elimination  of  water  had  taken  place  to  some  extent  with  formation  of 
unsaturated  acids,  and  this  fact  accounts  for  the  carbon  determination 
being  too  high  in  the  above  analysis.  During  the  winter,  this  syrup 
gradually  crystallised  and,  at  the  end  of  several  months,  the  semi- 
solid mass  was  left  in  contact  with  porous  porcelain  until  quite  dry, 
when  a  colourless,  crystalline  residue  was  obtained  which  gave  accurate 
analytical  results. 

0-1904  gave  0-4238  CO^  and  0-1541  HgO.     C  -  607  ;  H  =  90. 
CgHjPg  requires  C  =  60-8  ;  H  =  8-8  per  cent. 

a-Hydroxyhexahydro-vixtoluic  acid  is  readily  soluble  in  hot  water, 
and  the  concentrated  solution  deposits  the  acid  at  first  as  an  oil  which 
gradually  solidifies ;  at  certain  concentrations,  however,  the  formation 
of  oil  may  be  avoided,  and  if  the  warm  solution  is  vigorously  stiri-ed 
as  it  cools,  the  acid  crj^stallises  in  satiny  plates  and  melts  at 
103 — 104°.  The  basicity  of  the  acid  was  detei-mined  by  titration 
with  Nj\0  caustic  potash,  when  it  was  found  that  0*1241  neutralised 
0  0446  gram  of  KOH,  Avhereas  this  amount  of  a  monobasic  acid  CgHj^Og 
should  neutralise  0-044  gram  of  KOH.  The  solution  of  the  acid  in 
sodium  carbonate  did  not  decolorise  pei-manganate  in  the  cold  and, 
even  after  an  hour,  very  little  action  had  taken  place. 

A  neutral  solution  of  the  ammonium  salt  gives  sparingly  soluble 
precipitates  with  solutions  of  copper,  lead,  zinc,  and  magnesium  salts  ; 
the  calcium  and  barium  salts  are  also  sparingly  soluble  in  the  cold, 
but  dissolve  readily  in  boiling  water. 

The  silver  salt  was  obtained,  on  the  addition  of  silver  nitrate  to  a 
slightly  alkaline  solution  of  the  ammonium  salt,  as  a  white  precipitate 
which  was  crystallised  from  much  water  and  analysed. 

0-1263  gave  0-0516  Ag.     Ag  =  40-8. 

CjjHjgOgAg  requires  Ag  =  40-7  per  cent. 

L^^-m'Menthenol{S)  and  A^  •  ^^'^^-xn-JIenthadiene. 

A^-?)i-Menthenol(8)  was  prepared  by  adding  ethyl  A^-tetrahydrowi- 
toluate  (10  grams)  to  a  well  cooled  ethereal  solution  of  magnesium 
methyl  iodide  made  from  2-9  grams  of  magnesium  and  17  grams  of 
methyl  iodide.  After  standing  for  24  hours,  the  product  was  de- 
composed by  water  and  dilute  hydrochloric  acid,  the  ethereal  solution 
separated,  evaporated,  and  the  residue  digested  with  methyl-alcoholic 
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potash  (5  grams  KOH)  for  half  an  hour  in  order  to  hydrolyse  the 
unchanged  ester  which  was  present.  Water  was  then  added,  the  oil 
extracted  Avith  ether,  the  ethereal  solution  washed  well,  dried  over 
calcium  chloride,  and  evaporated,  and  the  residue  carefully  fractionated 
three  times  under  reduced  pressure.* 

01160  gave  0-3294  OO2  and  0-1222  H^O.     C  =  77-4;  H  =  ll-7. 
CjoHjgO  requires  0  =  77*9;  H  =  1 1  -7  per  cent. 

^^-VL\-Menthenol{d>)  is  a  colourless,  rather  viscid  oil  which  distils  at 
103 — 104°/20  mm.,  and  has  a  pleasant  odour  of  peppermint. 

The  yield  in  the  above  operation  was  small  and  much  of  the  tetra- 
hydro-acid  was  recovered  unchanged  when  the  alkaline  solution  from 
the  hydrolysis  was  acidified.  For  this  reason,  instead  of  preparing 
A'*-^'-''-?M-menthadiene  in  the  usual  way,  namely,  by  the  action  of 
potassium  hydrogen  sulphate  on  the  alcohol,  it  was  found  more  con- 
venient to  employ  the  following  process.  Ethyl  A^-tetrahydro-??i-toluate 
(19  grams)  was  added  to  a  large  excess  of  magnesium  methyl  iodide 
(8-5  grams  of  magnesium)  without  cooling,  and  the  whole  was  allowed 
to  stand  in  a  warm  place  for  48  hours.  It  was  then  decomposed  with 
water  and  dilute  hydrochloric  acid  and,  after  drying  over  calcium 
chloride  and  distilling  off  the  ether,  the  residue  was  digested  for  one 
hour  with  twice  its  weight  of  potassium  hydrogen  sulphate  in  order  to 
decompose  any  menthenol  which  might  be  present.  After  distilling 
in  steam,  the  distillate  was  extracted  with  ether,  the  ethereal  solution 
dried  over  calcium  chloride,  evaporated,  and  the  hydrocarbon  fraction- 
ated several  times  under  the  ordinary  pressure,  the  fraction  185 — 190° 
being  finally  twice  distilled  over  sodium. 

0-1316  gave  0-4230  CO,  and  0-1399  HA     C  =  87-7;  H=ll-8. 
CjQHjg  requires  C  =  88-2  ;  H  =  11  -8  per  cent, 

A^  '■  ^'■^^-m-Menthadiene  distils  at  187°/765  mm.  as  a  colourless,  mobile 
liquid,  which  possesses  a  distinct  odour  of  lemons,  oxidises  in  contact 
with  air,  and,  when  dissolved  in  acetic  anhydride,  yields,  on  the 
addition  of  a  drop  of  sulphuric  acid,  an  intense  reddish-violet  colora- 
tion. A  small  quantity  of  this  hydrocarbon,  which  had  been  left  in  a 
corked  test-tube  for  some  months,  remained  colourless,  but  had  become 
quite  viscid,  like  glycerol.   When  this  was  distilled  under  14  mm.  pres- 

*  A  practical  point  may  be  mentioned  which  has  been  very  troublesome  during 
the  whole  course  of  the  experiments  on  the  synthesis  of  the  terpenes  and  that  is 
the  difiiculty  so  often  experienced  in  preparing  the  various  menthenols  in  a 
sufficiently  pure  condition  to  give  sharp  results  on  analysis.  Several  of  these 
tertiary  alcohols  are  described  as  viscid  liquids,  but  it  is  well  known  how  difficult  it 
is  to  crystallise  viscid  liquids  of  this  kind  (for  example,  glycerol,  terpineol,  &c.).  It 
is  therefore  more  than  probable  that,  when  these  menthenols  are  prepared  in  larger 
quantities  and  repeatedly  fractionated,  some  of  them  will  be  found  to  crystallise. 
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sure,  about  two-thirds  passed  over  below  95°  ;  the  residue  then  suddenly 
exploded  with  sufficient  violence  to  force  the  thermometer  out  of  the 
distilling  flask.  The  distillate  had  a  pungent  and  very  unpleasant 
odour  resembling  that  of  acrolein,  but,  after  twice  fractionating,  most 
of  it  distilled  at  183 — 187°  and  consisted  of  almost  pure  A^ '  •''*^'-?«-men- 
thadiene. 

A^  ■  s'9'-??i-Menthadiene  is  only  capable  of  combining  with  2  atoms  of 
bromine,  since,  when  1  gram  of  the  hydrocarbon  was  dissolved  in 
chloroform,  cooled  to  -  10°,  and  titrated  with  a  standard  solution  of 
bromine  in  chloroform,  the  colour  remained  permanent  and  hydrogen 
bromide  was  pi'oduced  after  TS  grams  of  bromine  had  been  added. 

The  amount  of  bromine  required  for  the  formation  of  the  dibromide, 
CjoHigBr^,  from  the  quantity  of  hydrocarbon  taken  is  1-2  grams. 

i\!--m-Menthenol{ds)  and  A'^  •  ^^^^-m-Menthadiene. 

In  preparing  A2-m-menthenol(8),  ethyl  A^-tetrahydro-m-toluate 
(22  grams)  was  treated  with  an  ethereal  solution  of  magnesium  methyl 
iodide  (6  grams  of  magnesium)  under  the  conditions  which  have  been 
described  in  detail  {p.  1099)  in  the  case  of  A^-??i-menthenol(8). 

The  product,  after  hydrolysis,  distilled  at  105— 108°/20  mm.,  but 
the  analysis  did  not  give  satisfactory  results.  This  appeared  to  be 
partly  due  to  the  difficulty  of  removing  the  last  traces  of  unchanged 
ester,  but,  even  after  the  hydrolysis  had  been  repeated,  the  analytical 
results  were  not  so  accurate  as  could  have  been  desired. 

0-1378  gave  0-3907  CO2  and  0-1456  RA     C  =  77-2;  H=ll-8. 
CioH^gO  requires  C  =  77*9  ;  H  =  1 1-7  per  cent. 

A^-m-Menthenol{S)  distils  at  106—108720  mm.  and  is  a  rather 
viscid  liquid,  which  has  a  pronounced  and  very  pleasant  odour  some- 
what similar  to  that  of  terpineol  and  peppermint.  Its  solution  in 
acetic  anhydride  yields,  on  the  addition  of  a  drop  of  concentrated 
sulphuric  acid,  an  intense  violet  coloration,  which  soon  changes  to  pure 
blue,  the  shade  being  very  similar  to  that  of  methylene-blue. 

A^  •  s'3'-«i-Menthadiene  was  readily  obtained  from  A2-»i-menthenol(8) 
by  digesting  with  twice  its  weight  of  potassium  hydrogen  sulphate  for 
1  hour.  After  distilling  in  steam  and  extracting  with  ether,  the 
fraction  of  the  hydrocarbon  distilling  at  184 — 187°  was  twice  distilled 
over  sodium. 

0-1488  gave  0-4791  COg  and  0-1599  H^O.     C  =  88-0;  H  =  ll-9. 
CjoH^e  requires  C  =  88-2  ;  H  =  1 1  -8  per  cent. 

A2  '■  ^^^^-va-Menthadiene  oxidises  in  the  air  and,  especially  when  warm  , 
has  a  very  pungent  odour  of  lemons  and    menthol,  which   is   quite 
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different  from  the  pure  odour  of  lemons  characteristic  of  dipentene 
or  A3  ^  s(9).^.inenthadiene  (Trans.,  1905,  87,  648). 

The  solution  of  the  hydrocarbon  in  acetic  anhydride  yields,  on  the 
addition  of  a  drop  of  concentrated  sulphuric  acid,  an  intense  bluish- 
violet  coloration,  which  is  much  bluer  than  that  produced  in  the  case 
of  A^  ■  ^'^'-m-menthadiene  (p.  1100).  Left  for  some  months  in  a 
closed  test-tube,  A"  ■  ^'^'-m-menthadiene  remained  colourless,  but  became 
viscid,  like  glycerol,  a  behaviour  which  had  already  been  observed  in 
the  case  of  A^  •  ^'-^'-/n-menthadiene. 

On  treatment  with  bromine,  A^  •  "^'^'-w-menthadiene  is  only  capable 
of  yielding  a  dibromide  since,  when  099  gram  of  the  hydrocarbon  was 
dissolved  in  chloroform,  cooled  to  -  10°,  and  titrated  with  a  standard 
solution  of  bromine  in  chloroform,  hydrogen  bromide  was  evolved,  and 
the  colour  i-emained  after  1"1  grams  of  bromine  had  been  added.  The 
amount  of  bromine  required  for  the  formation  of  the  dibromide, 
CjoH^gBrg,  from  the  quantity  of  hydrocarbon  taken  is  r2  grams. 

m-Me7ithanol(S)  and  ia^^^'^^-m.-Menthene. 

Ethyl  hexahydro-7)i-toluate  does  not  readily  react  with  magnesium 
methyl  iodide,  and  in  oi-der  to  obtain  sufficient  m-menthanol(8)  for 
investigation,  it  was  found  necessary  to  leave  the  e&ter  (28  grams)  in 
contact  with  the  ethereal  solution  of  magnesium  methyl  iodide  (7  grams 
of  magnesium)  for  at  least  three  days.  The  product  was  decomposed  by 
water  and  dilute  hydrochloric  acid,  the  ethereal  solution  evaporated 
and  digested  with  methyl-alcoholic  potash  (6  grams  KOH)  for  half  an 
hour,  water  was  then  added,  the  oil  extracted  with  ether,  the  ethereal 
solution  well  washed,  dried  over  calcium  chloride,  evaporated,  and  the 
residue  distilled  under  reduced  pressure. 

0-1715  gave  0-4811  COg  and  0-1954  HgO.     0  =  76-5  ;  H  =  12-7. 
O10H20O  requia-es  0  =  76-9  ;  H  =  12-8  per  cent. 

ra-Menthanolid))  distils  at  102°/20  mm.  and  has  a  very  pungent 
odour  closely  resembling  that  of  menthol ;  when  cooled  in  liquid  air, 
it  solidifies  to  a  glass  intersected  with  cracks  and  liquefies  again  at  the 
ordinary  temperature.  The  solution  in  acetic  anhydride  gives  only  a 
pale  pink  coloi-ation  on  the  addition  of  a  drop  of  concentrated  sulph- 
uric acid. 

When  ?ji-menthanol(8)  is  digested  with  twice  its  weight  of  potass- 
ium hydrogen  sulphate  for  1  hour,  it  readily  loses  water  with  forma- 
tion of  A^*-''-m-menthene.  The  product  was  distilled  in  steam,  the  dis- 
tillate extracted  with  ether,  the  ethereal  solution  dried  over  calcium 
chloride,  evaporated,  and  the  hydrocarbon  several  times  fractionated, 
finally  twice  over  sodium. 
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0-1627  gave  0-5145  CO^  and  0-1894  H.,0.     0-86-3;  H  =  13-0, 
Ci(,Hjs  requires  C  =  87-0  ;  H  =  13-0  per  cent. 

^^^'^^-m.-Menthene  distils  at  170—1717753  mm.,  has  a  faint  odour  of 
peppermint,  and,  when  dissolved  in  chloroform  and  cooled  to  -  10°,  it 
absorbs  bromine  without  the  evolution  of  hydrogen  bromide. 

An  attempt  was  made  then  to  reduce  the  hydrocarbon  to  m -men- 
thane  by  treating  it  in  boiling  alcoholic  solution  with  a  very  large 
excess  of  sodium,  but  the  analysis  of  the  product  showed  that  very 
little,  if  any,  addition  of  hydrogen  had  taken  place. 

\-Methjjlcyc\ohexanone{Z),  CHg-CsHglCO. 

When  a-hydroxyhexahydro-'jji-toluicacid  (p.  1098,  15  grams)  is  stirred 
with  concentrated  sulphuric  acid  (75  grams),  it  dissolves,  the  tempera- 
ture rises  somewhat,  and  a  vigorous  evolution  of  carbon  monoxide  soon 
takes  place.  In  about  half  an  hour,  and  as  soon  as  the  evolution  of 
gas  has  ceased,  the  yellow  solution  is  poured  into  water  and  distilled 
in  steam  until  no  more  oily  drops  pass  over. 

After  extx-acting  with  ether,  the  ethei-eal  solution  is  washed  several 
times  with  dilute  sodium  carbonate,  dried  over  calcium  chloride, 
evaporated,  and  the  residue  fractionated,  when  almost  the  whole 
quantity  distils  at  169°/750  mm.  and  consists  of  pure  l-methijlcjclo- 
hexanone{o). 

0-1749  gave  0-4781  CO2  and  0-1687  HoO.     C  =  74-6;  H=10-7. 
0-1575     „     0-4318  CO^    „    0-1532  H2O.     C  =  74-8  ;  H  =  10-8. 
CyH^gO  requires  C  =  75-0  ;  H=  10-7  per  cent. 

When  this  ketone  was  shaken  with  an  aqueous  solution  of  semicarb- 
azide  hydrochloride  and  sodium  acetate,  it  yielded  at  once  a  white, 
crystalline  precipitate  of  the  semicarhazone, 

which,    after    crystallising    from    dilute    methyl    alcohol,    melted    at 
about  185°. 

0-1112  gave  23-2  c.c.  nitrogen  at  16°  and  762  mm.     N  =  24-0. 
0^11^50^3  requires  N  =  24-8  per  cent. 

The  oxime,  CHg-CgHglCHST-OH,  was  prepared  in  the  usual  manner 
by  treating  the  ketone  with  excess  of  hydroxylamine  hydrochloride 
and  caustic  potash.  The  oil  thus  obtained  was  distilled,  when  almost 
the  whole  quantity  passed  over  at  125 — 127°/30  mm.  and  crystallised 
on  standing. 

0-1534  gave  15-3  c.c.  nitrogen  at  17°  and  750  mm.     N=  11-4. 
CjHjgON  requires  N=  11-0  per  cent. 
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The  dextrorotatoiy  modification  of  l-methylc?/c?ohexanone(3)  is 
readily  obtained  from  pulegone  by  treatment  with  anhydroiis  formic 
acid  (Wallach,  Annale7i,  1896,  289,  338) ;  it  distils  at  169°  and  yields 
a  semicarbazone  (m.  p.  180°)  and  an  oxime  (m.  p.  44°).  Inactive 
l-methylc?/c^ohexanone(3)  has  been  prepared  by  Eiuhorn  and  Ehret 
(Annalen,  1897,  295,  181),  who  describe  it  as  an  oil  distilling  at 
162 — 164°  and  yielding  a  semicarbazone  melting  at  191 — 192°  and  a 
liquid  oxime.  Knoevenagel  (Annalen,  1897,  297,  154),  who  also 
obtained  the  same  ketone  from  l-methylc?/cZohexanol(3)  by  oxidation 
with  chromic  acid,  states  that  it  distils  at  169°/753  mm.,  and  that  the 
oxime  is  an  oil  and  the  semicarbazone  melts  at  178 — 179°. 

Sabatier  and  Mailhe  {Cornjyt.  rend.,  1905,  140,  350)  have  recently 
prepared  l-methylc?/c/^ohexanone(3)  from  7?i-cresol  by  reduction  with 
hydrogen  in  the  presence  of  reduced  nickel,  and  they  give  the  follow- 
ing properties  :  b.  p.  169°/765  mm. ;  semicarbazone,  m.  j).  182 '5°, 

The  sodium  carbonate  washings  obtained  during  the  course  of  the 
purification  of  the  product  of  the  action  of  sulphuric  acid  on  a-hydroxy- 
hexahydro-??i-toluic  acid  (see  above)  yielded,  on  acidifying,  a  consider- 
able quantity  of  an  oil  which,  after  distillation  in  steam,  partially 
solidified ;  this,  on  examination,  was  found  to  consist  of  a  mixture  of 
A^-  and  A''-tetrahydro-??i-toluic  acids,  but  the  former  was  present  in  by 
far  the  larger  quantity. 

m-Menthanol{Z),  CH3-CH:[CH2]i:C(OH)-C3H-. 

In  order  to  prepare  this  substance,  l-methylcyc^ohexanone(3)  was 
mixed  with  an  excess  of  an  ethei'eal  solution  of  magnesium  isopropyl 
iodide  *  and,  after  standing  for  two  days,  the  product  was  decomposed 
by  water  and  dilute  acid  in  the  usual  manner.  The  ethereal  solution, 
which  contained  free  iodine,  was  washed  with  dilute  sodium  sulphite 
and  with  water,  dried  over  calcium  chloride,  evaporated,  and  the  residue 
fractionated,  when  a  considerable  quantity  of  an  oil  was  obtained  which 
distilled  at  98 — 100°/25  mm.  and  did  not  contain  any  unchanged 
methylci/c^ohexanone,  since  no  trace  of  the  sparingly  soluble  semi- 
carbazone of  this  substance  Avas  obtained  when  it  was  treated  with 
semicax'bazide  solution. 

0-1386  gave  0-3912  CO2  and  0-1575  H^O.     C  =  77-0;  H=12-7. 
C10H20O  requires  C  =  76-9  ;  H  =  12-8  per  cent. 

m.-Mentha7iol{3)  is  a  colourless  syrup  which  has  an  odour  of 
peppermint  and  anise-seed  and  not  unlike  that  of  ordinary  menthol. 

The  alcohol  was  next  heated  with  twice  its  weight  of  powdered 
potassium  hydrogen  sulphate  for  one  hour,  the  product  was  then 
*  Compare  the  footnote,  p.  1081. 
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distilled  in  steam,  and  the  distillate  extracted  with  ether.  The 
ethereal  solution  was  dried  over  calcium  chloride,  evaporated,  and 
the  residue  twice  fractionated  under  the  ordinary  pressure,  when,  with 
the  exception  of  a  little  unchanged  alcohol,  almost  the  whole  quantity 
passed  over  at  168 — 171°.  This  was  distilled  twice  over  sodium,  and 
the  hydrocarbon,  which  boiled  constantly  at  168 — 169°/764  mm.,  was 
analysed, 

0-1325  gave  0-4209  CO^  and  0-1538  H^O.     C  =  86-6  ;  H  =  12-9. 
CjqHjs  requires  C  =  87-0;  H=  13-0  per  cent. 

^^-va-Menthene  has  a  curious  odour  somewhat  similar  to  that  of 
angelica,  and  it  gives  only  a  pale  pink  colour  when  a  drop  of  sulphuric 
acid  is  added  to  its  solution  in  acetic  anhydride. 

The  nitrosochloride,  CjQHjg,IS'OCl,  was  prepared  by  mixing  the  hydro- 
carbon (1  c.c.)  with  methyl  alcohol  (3  c.c.)  and  esoamyl  nitrite  (4-5  c.c.) 
and,  after  cooling  to  -  10°,  adding  drop  by  drop  concentrated  hydro- 
chloric acid  (3-5  c.c).  The  mixture  was  shaken  at  intervals  during 
one  hour  and  then  diluted  with  water,  when  an  oil  separated  which 
gradually  crystallised.  This  was  collected  at  the  pump,  washed  with 
water,  and  left  in  contact  with  porous  porcelain  until  the  oily  impurity 
had  been  absorbed ;  the  almost  colourless  residue  was  then  crystallised 
from  alcohol.  The  small  quantity  available  gave  the  following  i-esults 
on  analysis  : 

0  0467  gave  00335  AgCl.     CI  =  1 7-7. 

CioH^s'NOCl  requires  CI  =  17-4  per  cent. 

A.^-m.- Ment/iene  nitrosochloride  softens  at  about  128''  and  melts  at 
130 — 132°  with  decomposition ;  it  is  sparingly  soluble  in  alcohol  and 
crystallises  from  this  solvent  in  colourless  leaflets. 

Action  of  Bromine. — The  solution  of  A^-??i-menthene  in  chloroform 
instantly  decolorises  bromine,  and  the  following  experiment  was  made 
with  the  object  of  investigating  this  reaction  quantitatively.  The 
hydrocarbon  (0-82  gram)  was  dissolved  in  chloroform  (10  c.c),  cooled 
to  -  10°,  and  a  standard  solution  of  bromine  in  chloroform  added 
drop  by  drop.  After  0-94  gram  of  bromine  had  been  absorbed,  the 
colour  remained  permanent,  whereas  the  formation  of  the  dibromo- 
additive  product,  CigH^gBrg,  requires  the  addition  of  0-95  gram  of 
bromine.  The  chloroform  was  removed  by  aspirating  a  rapid  current  of 
dry  air,  and,  after  the  pale  yellow  liquid  had  remained  over  paraffin  wax 
and  solid  caustic  potash  for  24  hours,  the  following  analysis  was  made  : 

0-4001  gave  0-4901  AgBr.     Br  =  52-2. 

CjQHjgBrg  requires  Br  =  53-7  per  cent. 

The  oil  was  now  distilled  under  reduced  pressure,  when  almost  the 
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whole   quantity   passed    ovex^   at    150 — 155724  mm.   as    a   perfectly 
colourless  oil. 

0-3529  gave  0-4511  AgBr.     Br  =  54-3  per  cent. 

This  substance  is  probably  3  :  ^-dihromo-iin-menthane,  and  it  is  re- 
markable that  it  should  be  sufficiently  stable  to  allow  of  purification 
by  distillation. 

ra-Tolyldimethylcarhinol,  CH3'CeH^'CMe2*OH,    and   m-Methyliso- 
proiJenylhenzene,  CHg'C^H^'CMelCHg. 

The  ethyl  m-toluate  employed  in  the  synthesis  of  «i-tolyldimethyl- 
carbinol  was  prepared  by  heating  7?i-toluic  acid  (50  grams)  with 
alcohol  (200  c.c )  and  sulphuric  acid  (20  c.c.)  for  5  hours  on  the 
water-bath  ;  it  is  a  colourless,  highly  refractive,  unpleasant-smelling 
liquid  and  distils  at  231—2327734  mm.  This  ester  (44  grams)  was 
added  to  an  ethereal  solution  of  magnesium  methyl  iodide,  containing 
12  grams  of  the  metal,  when  very  little  action  occurred  at  first,  but 
the  temperature  gradually  rose  to  the  boiling  point,  and  it  became 
necessary  to  cool  with  ice-water  from  time  to  time.  After  remaining 
for  two  days,  water  was  added,  the  ethereal  solution  evaporated,  and 
the  residue  digested  for  2  hours  with  methyl-alcoholic  potash 
(20  grams  KOH). 

The  whole  was  then  diluted  with  water,  the  oil  extracted  with  ether, 
the  ethereal  solution  dried  over  calcium  chloride,  evaporated,  and  the 
residue  purified  by  fractionation  under  reduced  pressure. 

0-1855  gave  0-5465  QO^  and  0-1562  HgO.     C  -  80-3  ;  H  =  9-3. 
CioH^^O  requires  C  =  80-0 ;  H  =  9-3  per  cent. 

lu-Tolyldimethylcarhinol  boils  at  115 — II67I6  mm.,  and  has  an 
odour  somewhat  resembling  that  of  ^-xylene.  Cooled  in  liquid  air, 
it  solidifies  to  a  glassy  mass,  and  if  this  is  stirred  as  it  gradually 
melts,  crystallisation  sets  in  and  the  thermometer  remains  constant 
at  4 — 5°  for  a  considerable  time. 

"When  the  alcohol  was  digested  with  twice  its  weight  of  powdered 
potassium  hydrogen  sulphate  for  1  hour,  water  was  readily  elimin- 
ated, and  after  distilling  in  steam  and  extracting  with  ether  a 
colourless  hydrocarbon  was  obtained  which  distilled  at  185 — 186° 
and  gave  the  following  results  on  analysis  : 

0-1280  gave  0-4264  CO2  and  0-1065  H,0.     C  =  90-8;  H  =  9-2. 
C^qHj2  requires  C  =  90-9;  H  =  9-l  per  cent. 

m.-3Iethylisopropenylbenzene   is  a  highly  refractive   oil,  which   pos- 
sesses a  penetrating  odour  closely  resembling  that  of  cinnamene. 
The  Victoria  University  of  Manchester, 
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CXVIL — Bromine  in  Solutions  of  Potassium  Bromide. 

By  Frederick  P.  Worley,   M.A. 

Although  it  has  long  been  known  that  bromine  is  much  more 
soluble  in  water  containing  potassium  bromide  than  in  pure  water, 
practically  no  determinations  of  the  extent  of  this  increased  solu- 
bility appear  to  have  been  made,  and  little  has  been  done  with 
the  view  of  ascertaining  its  exact  cause.  Wildermann  {Zeit. 
physikal.  Chem.,  1893,  11,  407)  describes  a  single  experiment  in 
which  he  found  the  solubility  of  bromine  in  a  solution  of  potassium 
bromide  containing  one  gram-molecule  per  litre.  By  considering 
the  vapour  pressure  of  the  bromine  above  the  solution,  he  was  able 
to  arrive  at  the  concentration  of  the  free  bromine  in  the  solution. 
The  remainder  of  the  dissolved  bromine  he  considered  to  be  com- 
bined with  the  potassium  bromide,  and  in  this  way  found  that 
for  every  molecule  of  potassium  bromide  there  were  more  than 
one  and  less  than  two  molecules  of  combined  bromine  in  solution. 
He  assumed  that  KBrg  and  other  more  complex  polybromides  were 
formed,  but  without  justifying  this  assumption  or  taking  into 
account  the  fact  that  the  compound  formed  probably  exists  in  a 
partly  dissociated  condition. 

Roloff  {Zeit.  2}^ii/sikaL  Chem.,  1894,  13,  327)  approached  the 
question  of  the  cause  of  the  increased  solubility  from  the  jooint  of 
view  of  chemical  equilibrium,  and  examined  solutions  of  potassium 
bromide  containing  insufficient  bromine  for  saturation.  The  method 
employed  was  based  on  the  principle,  propounded  by  Nernst,  that 
at  a  given  temperature  the  ratio  of  distribution  of  a  substance 
between  two  solvents  is  constant,  provided  that  the  molecular 
weight  is  the  same  in  each.  Pure  water  and  water  containing 
different  amounts  of  potassium  bromide  were  shaken  up  with  a 
concentrated  solution  of  bromine  in  carbon  disulphide,  and  the 
concentration  of  the  bromine  in  the  water  estimated  by  titration. 
The  concentration  of  the  free  bromine  in  the  potassium  bromide 
solutions  was  taken  as  being  the  same  as  that  in  the  pure  water. 
Two  series  of  experiments  were  thus  joerformed  with  solutions  con- 
taining 0-25,  0125,  and  00625  gram-molecule  of  potassium  bromide 
per  litre.  In  a  third  series,  the  concentration  of  the  potassium 
bromide  solution  was  kept  at  0125  gram-molecule  per  litre,  whilst 
that  of  the  free  bromine  was  made  to  vary  from  00475  to  001 17  by 
successive  additions  of  carbon  disulphide.  On  applying  Guldberg 
and  Waage's  equation  of  equilibrium,  the  values  of  the  constant 
obtained  on  the  assumption  that   KBrg   was   formed    were  found 
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to  be  nearly  constant,  varying  at  most  from  0048  to  0051.  This 
was  accepted  as  evidence  of  the  formation  of  KBrg.  In  Roloff's 
investigations,  the  number  of  experiments  was  small,  and  the  range 
of  concentrations  of  the  free  bromine  and  of  the  potassium  bromide 
very  limited.  No  account  was  taken  of  the  electrolytic  dissociation 
of  the  dissolved  salts,  nor  of  the  fact  that  the  value  of  the  method 
would  appear  to  be  considerably  impaired  by  the  solubility  of 
carbon  disulphide  in  water,  Roloff  found  no  indication  of  the 
formation  of  higher  bromides  than  KBrg. 

As  Wildermann's  experiment  seems  to  be  the  only  attempt  which 
has  been  made  to  determine  the  solubility  of  bromine  in  aqueous 
potassium  bromide  solutions,  and  as  his  deduction  is  based  on 
Buch  slender  foundations,  the  solubility  of  bromine  in  solutions  of 
potassivim  bromide  has  been  determined  at  different  temperatures 
over  a  wide  range  of  concentrations,  in  the  manner  described  in 
part  I.  In  part  II  the  constitution  of  potassium  bromide  solu- 
tions containing  different  amounts  of  bromine  insufficient  for 
Baturation  has  been  examined  from  the  point  of  view  of  chemical 
equilibrium. 

Part    I. 

The  total  solubility  of  bromine  in  aqueous  solutions  of  potassium 
bromide  of  different  strengths  was  determined  by  shaking  up  excess 
of  bromine  with  these  solutions  contained  in  stoppered  bottles, 
the  halogen  being  enclosed  in  small  glass  bulbs.  The  stoppers 
could  thus  be  inserted  in  the  bottles  without  any  air  being  exi:)elled 
by  the  bromine  vapour,  and  on  breaking  the  bulbs  the  total 
pressure  of  the  enclosed  gases  was  practically  the  same  in  every  case. 
The  bottles  were  then  shaken  mechanically  for  five  hours  in  a 
water-bath  of  constant  temperature  and  left  there  overnight.  Two 
series  of  experiments  were  made,  the  first  at  26-5°  and  the  second 
at  18-5°.  The  concentrations  of  the  potassium  bromide  solutions 
varied  from  001  to  0-9  gram-molecule  per  litre  in  each  series. 
Between  the  concentrations  001  and  01,  the  strengths  of  the 
solutions  were  increased  by  0  01  gram-molecule  per  litre  at  each 
step,  and  between  the  concentrations  01  and  09  by  01  gram- 
molecule.  Duplicate  experiments  were  made  at  each  concentra- 
tion. 

The  amount  of  dissolved  bromine  in  the  solution  was  estimated 
indirectly,  samples  being  removed  by  means  of  a  pipette,  intro- 
duced into  excess  of  a  concentrated  potassium  iodide  solvition,  and 
titrated  with  standard  sodium  thiosulphate.  Although  the  rapidity 
with  which  bromine  vapour  was  liberated  from  the  solutions 
rendered  this  means  of  estimation  somewhat  unsatisfactory,  it  waq 
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found,  however,  that  an  appreciable  amount  of  time  was  required 
for  the  concentration  of  the  potassium  bromide  to  diminish  sensibly 
after  the  bottle  had  been  opened,  and  two  samples  were  taken  from 
each  bottle  immediately  after  removing  the  stoppers. 

The  results  of  the  experiments  are  given  in  the  following  tables. 
Column  I  gives  the  concentrations  of  the  potassium  bromide  solu- 
tions in  gram-molecules  per  litre ;  columns  II  and  III  contain  those 
of  the  dissolved  bromine  in  the  duplicate  experiments  in  gram- 
atoms  per  litre;  the  means  of  the  results  tabulated  under  II  and 
III  are  given  in  column  IV.  The  increased  concentration  of  the 
dissolved  bromine,  due  to  the  presence  of  the  potassium  bromide, 
is  given  in  column  V,  being  found  by  deducting  the  concenti'ation 
of  bromine  in  pure  water  from  the  numbers  in  colvimn  IV.  Column 
VI  shows  the  i"atio  of  these  increased  concentrations  to  those  of 
the  potassium  bromide  given  in  column  I. 

The  results  have  also  been  shown  gi-aphically,  with  the  concen- 
trations of  the  potassium  bromide  solutions  (column  I)  as  ordinates, 
and  those  of  the  dissolved  bromine  (column  IV)  as  abscissae 
(Figs.  1,  2,  and  3). 

Series  A.     Temperature  2 6 "5°. 


Gram- 
molecules  of 

Gram-atoms  of  dissolved  bromine  2)er  litre. 

Total  dis- 
solved brom- 
ine, minus 
that  dissolved 
by  ]nire 
water. 

The  ratio 
V  :I. 

potassium 

bromide  per 

litre. 

A. 

B. 

Mean  of 
A  and  B. 

•• 

II. 

III. 

IV. 

V. 

VI. 

0-00 

Six  expeii 

ments  

0-4282 

_ 

001 

0-4485 

0-4495 

0-4490 

0 

0208 

2  08 

0-02 

0-4672 

0-4670 

0-4671 

0 

0389 

1-94 

0-03 

0-4948 

0-4902 

0-4925 

0 

0643 

2-14 

0  04 

0-5085 

0-5117 

0-5101 

0 

0819 

2  05 

005 

0-5307 

0-5296 

0-5301 

0 

1019 

2-04 

0  06 

0-5513 

0-5547 

0-5530 

0 

1248 

2-08 

0-07 

0-5636 

0-5636 

0-5636 

0 

1354 

1-93 

0  08 

0-5920 

0-5920 

0-5920 

0 

1638 

2-06 

0  09 

0-5930 

0-6033 

0-5981 

0 

1699 

1-89 

0  1 

0-6496 

0-6481 

0-6488 

0 

2206 

2-21 

0-2 

0-8580 

0-8602 

0-8591 

0 

4309 

2-15 

0-3 

1-0769 

1-0805 

1-0787 

0 

6505 

2-17 

0-4 

1-2710 

1-2698 

1-2704 

0 

8422 

211 

0-5 

1-4841 

1-4621 

1-4731 

0449 

2-09 

0-6 

1-6979 

1-6457 

1-6717 

2435 

2-07 

0-7 

1-9216 

1-9179 

1-9197 

4915 

2-13 

0-8 

2-0885 

2-1174 

2-1029 

6747 

2-09 

0-9 

2-3240 

2-3458 

2-3349 

1-9067 

2  12 
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Series  B.     Temperature  18-5°. 


Gram- 
molecules  of 

Gram-atoms  of  dissolved  bromine  per  litre. 

Total  dis- 
solved brom- 

The ratio 
V  :I. 

potassium 

bromide  per 

litre. 

A. 

B. 

Mean  of 
A  and  B. 

ine,  minus 

that  dissolved 

by  pure 

water. 

I. 

II. 

III. 

IV. 

V. 

VI. 

0-00 

Five  experi 
0-4647 

meats  

0-4448 
0-4634 

0 

01 

0-4621 

0 

0186 

1-86 

0 

02 

0-4819 

0-4828 

0-4823 

0 

0374 

1-87 

0 

03 

0-5059 

0-5040 

0-50^9 

0 

0601 

2-00 

0 

04 

0-5238 

0-5249 

0-5243 

0 

0795 

1-99 

0 

05 

0-5419 

0-5443 

0-5431 

0 

0983 

1-97 

0 

06 

0-5668 

0-5668 

0-5668 

0 

1220 

2-03 

0 

07 

0-5910 

0-5880 

0-5895 

0 

1447 

2-07 

0 

08 

0-6089 

0-3029 

0-6059 

0 

1611 

201 

0 

09 

0-6315 

0-6287 

0-6301 

0 

1853 

2-06 

0 

1 

0-6587 

0-6480 

0-6533 

0 

2085 

2-08 

0 

2 

0-8718 

0-8718 

0-8718 

0 

4270 

2  13 

0 

3 

1-0572 

1-0527 

1-0549 

0 

6101 

2-03 

0 

4 

1-3123 

1-3126 

1-3124 

0 

8676 

2-17 

0 

5 

1-5462 

1-5410 

1-5436 

1 

0988 

2-20 

0 

6 

1-7749 

1-7675 

1-7712 

1 

3264 

2-21 

0 

7 

2-0073 

1-9941 

2-0006 

1 

5558 

2-22 

0 

8 

2-2515 

2-2194 

2-2354 

1 

7906 

2-23 

0-9 

2-4825        1       2-4877 

2-4851 

2-0403 

2-27 

An  examination  of  the  tables  shows  that  for  concentrations  of 
potassium  bromide  under  01,  both  at  26-5°  and  18-5°,  the  increased 
solubility  of  bromine  in  the  water,  due  to  the  presence  of  the 
potassium  bromide,  is  proportional  to  the  concentration,  being 
equivalent  to  two  atoms  of  bromine  for  every  molecule  of  the 
dissolved  salt.  For  concentrations  above  01  the  same  relation 
holds  faii-ly  closely  for  the  higher  temj^erature,  but  at  the  lower 
the  ratio  shows  a  steady  increase  with  increasing  concentration  of 
the  potassium  bromide  solution.  The  curves  for  concentrations  of 
potassium  bromide  below  0-1  gram-molecule  per  litre  are  perfectly 
straight,  and  conespond  exactly  to  an  additional  absorption  of 
two  atoms  of  bromine  for  every  additional  molecule  of  potassium 
bromide  (Fig.  1).  The  curves  for  concentrations  above  01  deviate 
slightly  on  the  side  of  greater  solubility  of  bromine.  The  dotted 
lines  correspond  to  the  additional  absoi'ption  of  two  atoms  of 
bromine  for  eveiy  molecule  of  potassium  bromide  in  solution.  This 
deviation  is  more  noticeable  at  the  lower  temperature. 
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Investigation  of  the  Cause  of  the  Increased  Solubility. 

There  appears  to  be  little  doubt,  as  Roloff  has  shown,  that  the 

increased  solubility  of  bromine  in  potassium  bromide  solution   is 

1  due  to  combination  of  part  of  the  dissolved  bromine  with  potassium 

bromide  to  form  a  polybromide.     Moreover,  Wildermann  has  shown 

that  the  density  of  bromine  vapour  over  a  solution  of  potassium 
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bromide  saturated  with  bromine  is  the  same  as  that  over  water 
saturated  with  bromine.  It  follows  that  the  concentration  of  the 
free  bromine  in  the  potassium  bromide  solution  and  in  the  water 
is  the  same,  and  the  remainder  of  the  bromine  in  the  potassium 
bromide  solution  must  be  combined  with  potassium  bromide.  In 
order,  however,  to  account  for  the  fact  that  the  dissolved  bromine 
can  be  entirely  removed  by  a  stream  of  air  or  by  successive  shakings 
with  carbon  disulphide,  it  must  be  assumed  that  the  compound 
formed  is  unstable,  and  except  in  the  presence  of  free  bromine  is 
dissociated  into  potassium  bromide  and  bromine.  If  the  free 
bromine  is  removed  as  it  is  formed,  the  dissociation  will  proceed 
until  all  the  polybromide  is  decomposed.  If,  however,  the  bromine 
is  allowed  to  remain  in  the  solution,  a  state  of  equilibrium  will 
result  between  the  concentrations  of  the  various  substances  present. 
Now  in  the  presence  of  the  great  excess  of  free  bromine  in  solutions 
saturated  with  bromine,  the  polybromide  may  not  be  dissociated 
to  an  appreciable  extent.  Practically  the  whole  of  the  potassium 
bromide  in  the  solution  may  have  combined  with  bromine  to  form 
a  polybromide.  This  would  be  quite  in  accordance  with  the  ob- 
served fact  that  the  increased  solubility  of  the  bromine  is  exactly 
proportional  to  the  amount  of  potassium  bromide  in  solution,  if 
we  consider  for  the  present  only  dilute  solutions  of  potassium 
bromide.  If  now  the  polybromide  were  dissociated  to  an  appre- 
ciable extent,  we  should  expect  the  degree  of  dissociation  to  be 
greater  the  higher  the  temperature.  In  other  words,  for  any 
particular  concentration  of  potassium  bromide,  a  smaller  proportion 
of  potassium  bromide  will  be  in  combination  with  dissolved  bromine 
at  the  higher  of  two  temperatures.  Two  similar  samples  of  water, 
A  and  B,  are  each  saturated  with  bromine  at  the  temperatures  t^ 
and  fj  respectively,  t^  being  the  lower.  The  concentration  of  the 
bromine  in  A  will  be  greater  by  a  certain  amount,  say  x,  than  that 
in  B.  If  equal  amounts  of  potassium  bromide  are  added  succes- 
sively to  each,  the  solutions  being  always  kept  saturated  with 
bromine,  then,  if  a  polybromide  exists  in  the  solution  in  a  partly 
dissociated  state,  one  should  expect  the  degree  of  dissociation  to  be 
greater  at  the  temperature  t^  than  at  t^.  Thus,  for  every  concen- 
tration of  potassium  bromide  there  will  be  a  greater  proportion  of 
polybromide  in  A  than  in  B.  Now  the  concentration  of  the  free 
bromine  in  each  does  not  alter,  as  was  shown  above,  and  the  differ- 
ence is  always  x.  Consequently,  the  difference  between  the  total 
amounts  of  bromine  dissolved  in  A  and  B  becomes  greater  as  the 
concentration  of  the  potassium  bromide  increases.  If  the  solu- 
bilities of  bromine  in  A  and  B  are  plotted  side  by  side,  the  solu- 
bility  curves   will   thus   diverge   with    increasing  concentration   of 
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potassium  bromide.  Now  it  is  found  that  the  lines  representing 
the  solubilities  at  18  5°  and  26-5°  respectively  are  perfectly  parallel 
for  dilute  solutions  of  potassium  bromide  of  varying  concentrations, 
the  difference  in  solubility  at  any  concentration  being  the  same 
as  the  difference  of  solubility  in  pure  water  at  those  two  tempera- 
tures. It  follows  that  either  the  degree  of  dissociation  is  not  altered 
by  a  considerable  change  of  temperature,  or  that  one  is  dealing 
with  a  substance  which  is  not  appreciably  dissociated  at  the  tem- 
peratures considered.  The  latter  alternative  seems  to  be  by  far  the 
more  likely  explanation. 

On  the  assumj^tion  that  the  polybromide  is  not  dissociated  to 
an  aiDpreciable  extent,  the  amount  of  bromine  dissolved  corresponds 
exactly  with  the  amount  required  to  convert  all  the  potassium 
bromide  into  KBrg  in  dilute  solutions.  The  assumption  that  the 
compound  was  dissociated  would  necessitate  the  formation  of  a  more 
complex  compound  than  KBrg,  with  a  very  high  degree  of  dis- 
sociation. In  the  case  of  KBr-,  the  degree  of  dissociation  would 
be  fifty  per  cent.,  and  in  this  case  we  should  expect  a  considerable 
alteration  in  the  degree  of  dissociation  with  a  change  of  tempera- 
ture. 

The  deviation  of  the  curves  for  concentrations  of  potassium 
bromide  above  01  gram-molecule  per  litre  on  the  side  of  greater 
solubility  of  bromine  seems  to  indicate  a  tendency  to  the  formation 
of  a  more  complex  compound  than  KBrg  at  high  concentrations  of 
potassium  bromide.  This  explanation  is  rendered  more  probable 
by  the  fact  that  the  deviation  is  greater  at  the  lower  temperature. 

It  appears  probable,  then,  that  in  very  dilute  solutions  of 
potassium  bromide  saturated  with  bromine,  practically  all  the 
potassium  bromide  has  xmited  with  bromine  to  form  KBrg,  and 
that  in  more  concentrated  solutions  small  quantities  of  a  more 
complex  compound  are  also  formed.  Although  the  foregoing  ex- 
periments have  in  no  way  led  to  a  proof  of  this,  yet  it  has  been 
shown  that  this  explanation  of  the  cause  of  the  increased  solubility 
of  bromine  in  the  solutions  considered  is  quite  in  accordance  with 
all  the  experimental  results.  Moreover,  other  explanations  do  not 
account   for  all   the   facts. 


Part  II. 

It  would  seem  that  definite  knowledge  of  the  constitution  of 
solutions  of  potassium  bromide  containing  dissolved  bromine  might 
be  obtained  by  applying  the  principle  of  mass  action.  We  have 
seen  that  it  is  highly  probable  that  such  solutions  contain  some 
compound    of   potassium    bromide    and    bromine    in    a    partly    dis- 
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sociated  condition,  and  if,  by  assuming  some  definite  formula  for 
this  compound,  we  can  show  that  the  relative  amounts  of  the 
various  substances  jiresent  are  always  in  accordance  with  the  prin- 
ciple of  mass  action,  very  strong  evidence  in  favour  of  the  actvial 
existence  of  the  assumed  compound  will  have  been  obtained,  pro- 
vided, of  course,  that  no  other  assumption  leads  to  a  similar  result. 
The  equation  of  equilibrium  between  a  polybromide,  KBr,?iBr  .„ 
and  its  decomposition  products,  KBr  -i-  nBr^„  is 

/t(KBr,7iBr,)      =      (KBr)  x  {Bv.-^j'^ 

where  A;  is  a  constant  and  the  remaining  symbols  represent  the 
concentrations  of  the  respective  substances. 

Unfortunately,  however,  the  application  of  the  principle  of  mass 
action  to  the  foregoing  experiments  leads  to  no  knowledge  of  the 
composition  of  the  compound  formed.  In  this  case  the  concentra- 
tion of  the  free  bromine  is  constant,  and  the  equation  consequently 
becomes 

^(KBr,7iBr2)      =      (KBr). 

That  is  to  say,  the  concentration  of  the  polybromide  is  simply  pro- 
portional to  that  of  the  potassium  bromide  left  uncombined.  It 
readily  follows  that  it  mvist  also  be  proportional  to  the  original 
concentration  of  the  potassium  bromide.  Now  the  experimental 
results  show  that  for  dilute  solutions  the  concentration  of  the 
bromine  combined  with  potassium  bromide  is  proportional  to  that 
of  the  dissolved  salt.  As  the  concentration  of  the  polybromide 
formed  is  necessarily  proportional  to  that  of  this  combined  bromine, 
it  must  also  be  proportional  to  that  of  the  potassium  bromide,  no 
matter  how  many  molecules  of  bromine  are  combined  with  one 
of  potassium  bromide.  The  values  of  k  in  the  above  equation 
will  thus  remain  equally  constant  whatever  value  we  give  to  n. 

This  difficulty,  however,  will  not  occur  in  the  case  of  solutions  of 
potassium  bromide  unsaturated  with  bromine,  where  the  concen- 
tration of  the  bromine  is  made  to  vary.  The  difficulty  in  this  case 
will  be  to  determine  how  much  of  the  bromine  is  free  and  how 
much  is  combined  with  the  potassium  bromide.  All  chemical 
methods  of  estimating  free  bromine  are  based  on  its  removal  as 
such  from  the  solution.  The  removal  of  free  bromine  from  a  system 
containing  bromine,  potassium  bromide,  and  polybromide  in  equi- 
librium results  in  a  further  decomposition  of  the  polybromide. 
Consequently,  any  chemical  method  for  estimating  dissolved  bromine 
indicates  only  the  total  amount  dissolved.  In  the  experiments  to 
be  described,  the  difficulty  was  overcome  in  the  following  simple 
manner.  Two  solutions  of  bromine,  one  in  pure  water  and  the 
other  in  a  solution  of  potassium  bromide  of  known  concentration, 
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were  simultaneously  shaken  up,  without  being  allowed  to  mix,  in 
an  apiJaratus  providing  a  common  vapour  space  for  the  two  solu- 
tions. When  the  system  had  attained  equilibrium,  the  concentra- 
tions of  the  bromine  in  the  two  solutions  were  estimated  by  titration. 
Now  Nerust  has  shown  {Zeit.  2)hysikal.  C'liem.,  1891,  8,  110)  that 
■'  at  a  given  temperature  for  every  molecular  species  there  exists 
a  constant  ratio  of  distribution  of  a  dissolved  substance  between  a 
solvent  and  its  vapour  space,"  and  that  "  this  is  independent  of 
the  presence  of  other  molecular  species,  it  being  a  matter  of  in- 
difference whether  the  particular  molecular  species  is  reactive  with 
the  other  or  not."  It  follows  that  the  ratio  of  the  concentrations 
of  bromine  in  the  water  and  in  the  vapour  space  is  the  same  as 
that  of  the  free   bromine   in   the  potassium   bromide  solution  and 


^ 


Fig  4. 

in  the  vapour  space,  and  that  consequently  the  concentration  of 
the  bromine  in  the  water  is  the  same  as  that  of  the  free  bromine 
in  the  potassium  bromide  solution.  The  difference  between  the  con- 
centrations of  the  total  dissolved  bromine  in  the  solution  and  that 
which  is  free  gives  the  concentration  of  the  combined  bromine.  It 
is  thus  possible  to  obtain  in  this  way  the  data  necessary  to  calculate 
the  active  masses  of  all  the  substances  in  solution. 

The  apparatus  employed  is  shown  in  Fig.  4.  It  is  in  the  form  of 
a  long  U-tube  bent  at  right  angles  at  about  a  third  of  the  distance 
from  the  doubled  end.  The  two  straight  limbs  are  graduated 
m  centimetres  and  half-centimetres,  and  to  their  ends  are  attached 
burette  taps;  a  short  neck  of  thinner  tubing  containing  a  stopper 
was  affixed  at  A.  With  this  apparatus  it  is  possible  to  determine 
by   the   foregoing    method,    without    the    presence    of   any    foreign 
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substance  sitcli  as  carbon  disulphide,  the  concentrations  of  both  the 
free  and  the  combined  bromine  in  a  solution  of  potassium  bromide 
containing  bromine.  Water  can  be  drawn  up  into  one  limb  and 
potassium  bromide  solution  containing  bromine  into  the  other,  and 
the  whole  apparatus  immersed  in  a  water-bath  of  the  required  tem- 
perature and  kept  in  motion  until  equilibrium  has  been  attained 
between  the  two  solutions.  The  apparatus  has  also  the  great  ad- 
vantage of  rendering  unnecessary  the  use  of  joipettes  for  measuring  i 
the  quantity  of  solution  taken  for  titration.  This  quantity  is] 
measured  directly  by  the  graduations  on  the  limbs  of  the  tube  as 
the  solution  is  drawn  off. 

Preliminary  experiments  had  first  to  be  made  in  order  to  de- 
termine the  interval  of  time  required  for  equilibrium  to  be  at-' 
tained.  For  this  jjurpose  jDure  water  was  drawn  up  into  one  limb 
and  water  containing  bromine  into  the  other,  and  the  apparatus 
kept  in  motion  in  a  watei'-bath  of  constant  temperature.  It  was 
observed  that  the  concentration  of  the  bromine  was  not  the  same  in 
both  limbs  until  after  forty-eight  hours.  It  was  found,  however, 
that  by  partially  exhausting  the  air  space  between  the  two  limbs 
the  time  required  could  be  reduced  to  considerably  under  twenty- 
four  hours. 

While  in  the  bath  the  ajiparatus  was  fastened  to  a  horizontal 
frame,  one  end  of  which  was  fixed  to  a  rod  fitting  into  loose  sockets 
at  the  ends,  while  the  other  could  be  alternately  raised  and  lowered 
by  a  string  attached  to  a  water  engine.  In  this  way  the  liquid 
could  be  made  to  flow  from  end  to  end  of  each  limb  without  any 
jDassing  from  one  to  the  other.  The  two  positions  of  the  tube  are 
shown  in  Fig.  5. 


Detailed  Description  of  Exfcriments. 

An  aqueous  solution  of  bromine  was  drawn  up  into  one  limb. 
The  stopper  was  then  inserted  and  the  aj^paratus  exhausted  by 
attaching  the  tap  of  the  other  limb  to  a  pump.  Potassium  bromide 
solution  of  the  required  concentration,  and  containing  bromine,  was 
then  drawn  up  into  this  limb  by  gently  turning  the  tap,  while 
the  end  was  immersed  beneath  the  surface  of  the  solution.  The 
amount  of  bromine  in  each  limb  was  so  regulated,  by  means  of 
the  colour  of  the  solutions,  that  the  system  might  attain  equi- 
librium with  as  little  change  as  possible.  The  concentration  of  the 
potassium  bromide  was  the  same  throughout  one  series  of  experi- 
ments. The  concentration  of  the  dissolved  bromine  in  each  limb 
was  varied  by  admitting,  in  vaiyiug  j^roportions,  water  or  jDotass- 
ium  bromide  solution,  as  the  case  may  be,  partly  without  bromine 
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and  pai'tly  saturated  with  the  halogen.  The  apparatus  was  then 
kept  in  motion  for  twenty  hours  in  the  water-bath ;  air  was  then 
admitted  by  removing  the  stopper  for  a  moment,  and  tlie  motion 
in  the  bath  continued  for  another  three  hours. 

For  removing  samples  for  titration,  the  apparatus  was  placed 
in  a  vertical  position  and  the  stopper  taken  out.  After  neglecting 
the  first  portions,  a  definite  volume  from  each  limb,  measured 
by  the  graduations,  was  introduced  into  a  concentrated  solution 
of  potassium  iodide,  the  liberated  iodine  being  then  titrated  with 
standard  sodium  thiosulphate.  In  order  to  prevent  loss  of  bromine 
through  contact  of  the  solution  with  the  air,  the  potassium  iodide 
solution  was  contained  in  a  funnel,  into  which  a  long  stopper  had 
lieen  ground,  standing  over  a  flask  (Fig.  6).     In  this  way  the  end 


of  the  tap   could   be  kept  beneath   the   surface  of  the   potassium 
iodide  solution  while  samples  were  being  added. 

The  first  two  series  were  conducted  at  26-5°  with  potassium 
bromide  solution  containing  0-5  and  01  gram-molecule  per  litre 
respectively.  In  order  to  obtain  results  comparable  with  those  of 
Rolofi^,  a  third  series  was  conducted  at  32  6°,  with  potassium  bromide 
solution  having  a  concentration  0125. 


Exjierimental   Fesii/fs,    and    the,    AppUcation    of    the    Prineifle    of 

Mass  Action. 

If  A,  B,  and  C  represent  the  concentrations  in  gram-molecules 

per  litre   of  the  potassium  bromide  solution,  the  dissolved  bromine 

m  the  limb  containing  the  potassium  bromide  solution,  and  that  in 
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the  limb  containing  water  respectively,  then,  as  was  previously 
shown,  the  concentration  of  the  bromine  in  combination  with 
potassium  bromide  is  represented  by  B-C.  Also,  if  71  molecules 
of  bromine  combine  with  one  of  potassium  bromide,  the  number  of 

B-C 
gram-molecules  of  the  compound  formed  will  be     ^^   ,  '"^nd    of   the 

free  potassium  bromide  remaining  A- • 

On  substituting  these  symbols  in  the  equation  of  equilibrium, 
/.•(KBr,«Br2)      =      (KBr)  x  (Br^)", 
one  obtains  for  the  value  of  the  constant — 


A- 


B 


Cy,.^B-C 


(«A  -  B -C)C'^ 
B  -  C 


The  results  are  tabulated  in  the  following  tables,  which  give  the 
concentrations  in  gram-molecules  per  litre  of  the  total  dissolved 
bromine  B,  of  the  free  bromine  C,  and  of  the  combined  bromine 
B-C.  k^  and  k.2  are  the  values  of  k  corresponding  to  n  =  1  and 
n  =  2,  or  to  the  formation  of  KBrg  and  KBr^  respectively. 


Series  A. 
KBr  =  0-5  gram-molecule  per  litre;  temperatui-e  2(^i 


B. 

(Total  dissolved 

Biv) 

C, 

(FreeBiv) 

B-C. 

(Coiiiliined  Br... ) 

(/;  =  1.) 

K,. 

(».  =  2.) 

0-51829 

0-12507 

0-39-322 

0-0340 

0-0241 

0-48217 

0-10583 

0 

376.34 

0-0348 

0 

0185 

0-46720 

0-10431 

0 

36289 

0-0394 

0 

0191 

0-45997 

0-09712 

0 

36285 

0-0367 

0 

0166 

0-42581 

0-08508 

0 

34073 

0-0398 

0 

0140 

0-42246 

0-08714 

0 

33532 

0-0428 

0 

0150 

0-37041 

0  07352 

0 

29689 

0-0503 

0 

0128 

0 -.32753 

0-06008 

0 

26745 

0-0522 

0 

0099 

0-29450 

0-04999 

0 

24451 

0  0522 

0 

0077 

0-28966 

0-04818 

0 

24148 

0-0516 

0 

0073 

0-210C7 

0-03249 

0 

17848 

0-0585 

0 

0049 

0-14892 

0-02000 

0 

12892 

0-0576 

0 

0027 

0-11400 

0-01515 

0 

09885 

0-0615 

0 

0021 

0-05700 

0-00751 

0 

04949 

0-0684 

0 

0011 
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Series  B. 
IvBr  =  0-l  gram-molecule  per  litre;  temperature  26-5'^. 


B. 

(Total  dissolved 
Bi-o.) 

C. 
(Free  Bi-g.) 

B-C. 
(Coml)ined  Bi-o.) 

K., 

(/t  =  2.) 

0-23849 

0-15455 

0-08394 

0-0296 

0-0330 

0-21650 

0  13515 

0-08135 

0-0310 

0-0-266 

0-18013 

0-10647 

0-07366 

0-0381 

0-0194 

0-17761 

0-10532 

0-072-29 

0-0404 

00196 

0-16684 

0  09644 

0-07010 

0-0406 

00171 

0-14837 

008516 

0-06321 

0-0496 

0-0157 

0-13202 

0-07215 

0-05987 

0-0484 

0  0122 

0-08416 

0-04173 

0  04243 

0-0566 

0-0065 

0  06365 

0-03027 

0-03338 

0-0604 

0-0046 

0  043-20 

0  01 938 

0-02382 

0-0620 

0-0028 

Series  C. 
IvBr  =  0-125  gram-molecule  per  litre;  temperatui'e  32-6°. 


B. 

(Total  dissolved 
Br,.) 

C. 
(Free  Bvo.) 

B— C. 
(Combined  Brj. ) 

(71  =  1.) 

A'„. 

("=2.) 

0-22530 

0-12800 

0-09730 

0  0364 

0-0257 

0-21711 

0 

1-2094 

0-09617 

0 

0363 

0-0234 

0-18989 

0 

10202 

0-08787 

0 

0431 

0-0192 

0-13828 

0 

06838 

0-06990 

0 

0539 

0-0120 

0-11750 

0 

05446 

0  06304 

0 

0535 

0  0088 

0-07974 

0 

03423 

0  04551 

0 

0598 

0  0053 

0-04875 

0 

01974 

0-0-2901 

0 

0653 

0-0080 

0-01831 

0 

00698 

001133 

0 

0700 

0-0013 

It  is  seen  that  the  value  of  the  constant  in  each  series,  on  the 
assumption  that  n  =  \,  shows  a  gradual  increase  as  the  amount  of 
free  bromine  is  diminished,  whilst  on  the  assumption  that  n  =  2  it 
exhibits  a  rapid  and  regular  decrease.  The  valixe  of  n  corre- 
sponding to  constant  values  of  h  must  lie  between  1  and  2  and 
much  nearer  the  former.  The  only  interpretation  that  this  can 
have,  in  accordance  with  the  law  of  mass  action,  is  that  the  com- 
pound produced  is  chiefly  KBrg,  l)ut  that  a  smaller  amonnt  of 
some  more  complex  compound  is  also  formed. 

The  experimental  results  are  also  shown  graphically  in  Figs.  7 
and  8,  where  the  concentrations  of  the  bromine  in  the  limb  con- 
taining water  (free  bromine)  have  been  plotted  as  ordinates  against 
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those  of  the  bromine  in  the  limb  containing  the  potassium  bromide 
solution  (total  dissolved  bromine)  as  abscissae. 

The  curve  RR  was  plotted  from  Roloff's  numbers,  and  re- 
presents the  relative  concentrations  of  the  free  bromine  and  the 
total  dissolved  bromine  in  his  experiments.  This  curve  is  very 
limited,  owing  to  the  small  range  of  concentrations  of  bromine 
covered  by  his  experiments;  but  it  has  been  continued  as  a  dotted 


>f^     oil 

-r 

n  5 

^(,■5° 

M 

-^ 

^ 

^ 

\KV' 

5    ""• 

^ 

-- 

To 

al  di 

ssolve 

d   B 

Senes  A 

0  ou  005  0  15  (sW,  O'O         '  iik  Oti  Obi  046  OUO  041,  01,«  Oil 

FlG.l. 


. 

fK 

A 

.^ 

% 

yy 

010 
OOi 

■/ 

"^S 

^ 

W 

^ 

^ 

^ 

X. 

^V)^ 

1, 

A 

^ 

^ 

^ 

^ 

^ 

^^ 

^ 

3^ 

To 

'al  d 

i-iolve 

d  B 

•  — 

-^ 

Serie 

5      B.c 

r>d  C 

Fig.  8. 


line  on  the  assumption  that  his  constant  remains  the  same  at 
higher  concentrations  of  bromine.  A  comparison  of  this  curve  with 
that  derived  from  my  experiments  at  the  same  temperature,  and 
with  the  same  concentration  of  potassium  bromide  (curve  C,  Pig.  8), 
shows  that  for  the  same  concentration  of  free  bromine,  Roloff's 
curve  corresponds  to  a  greater  concentration  of  total  dissolved 
bromine  for  small  concentrations  of  free  bromine,  and  if  continued 
corresponds  to  a  smaller  concentration  for  higher  concentrations  of 
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free  bromine.  This  difference  cannot  be  due  to  an  error  in  the 
concentrations  of  any  of  the  sohitions  used,  for  such  an  ei-ror  would 
always  affect  the  result  in  the  same  sense,  and  could  not  cause  the 
curves  to  cross  as  they  do  in  this  case.  The  difference  must  be 
due  to  the  difference  in  method,  and  may  possibly  be  explained  by 
the  presence  of  the  carbon  disulphide  in  Roloff's  experiments. 

The  variation  of  the  values  of  the  constants  given  in  the  tables 
was  explained  by  supposing  that  more  than  one  compound  was 
formed  in  the  solution.  The  formation  of  a  small  amount  of  a 
more  complex  polybromide  along  with  a  comparatively  large 
quantity  of  KBrg  ^  would  undoubtedly  cause  a  deviation  in  the 
constant,  such  as  was  observed;  but  before  accepting  this  explana- 
tion, four  other  possible  causes  must  be  considered. 

(1)  Impurities  in  the  materials  used: — The  precautions,  how- 
ever, taken  in  purifying  the  materials  render  this  very  unlikely. 

(2)  Experimental  error: — It  is  obvious  that  the  same  error,  if 
there  is  one,  must  be  common  to  all  three  series  of  experiments. 
Now  the  three  solutions  of  potassium  bromide  wore  prepared 
separately  by  weighing,  and  the  chance  of  the  same  error  occurring 
in  each  is  highly  improbable.  The  concentration  of  the  thio- 
sulphate  solution  was  tested  and  found  to  be  correct. 

(3)  The  concentration  of  the  bromine  in  the  limb  of  the  apparatus 
containing  water  may  not  be  a  correct  measure  of  that  of  the 
free  bromine  in  the  limb  containing  potassium  bromide  solution. 
There  was  no  apparent  means  of  ascertaining  whether  the  presence 
of  potassium  bromide  or  a  higher  bromide  affected  the  distribution 
ratio  of  the  free  bromine  between  the  solution  and  the  vapour 
space.  Experiments  were  made,  however,  to  see  whether  the 
presence  of  a  salt,  chemically  inactive  with  bromine,  affected  the 
distribution  ratio.  A  decinormal  solution  of  potassium  chlorate 
was  contained  in  one  limb  of  the  apparatus  and  water  in  the  other, 
with  different  amounts  of  bromine  in  the  apparatus.  Two  experi- 
ments showed  that  the  amount  of  bromine  dissolved  was  unaffected 
by  the  presence  of  the  potassium  chlorate,  the  concentration  being 
practically  the  same  in  both  limbs,  the  following  being  the  con- 
centrations reckoned  in  gram-molecules  per  litre : 

In  KCIO3  solution    0-1289  0-0960 

In  water   0-1284  0-0968 

There  is  no  apparent  reason  why  potassium  bromide  or  a  higher 
bromide  should  not  act  in  the  same  way  as  potassium  chlorate, 
and  it  must  therefore  be  concluded  that  the  concentration  of  the 
bromine  in  the  limb  containing  water  is  a  correct  measure  of  that 
of  the  free  bromine  in  the  limb  containing  potassium  bromide 
solution. 
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(4)  In  applying  the  equation  of  equilibrium,  no  account  was 
taken  of  the  ionisation  of  the  potassium  bromide  or  the  polybromide. 
The  value  of  the  constant  will  be  unaffected  only  if  these  svibstances 
are  equally  dissociated  into  ions;  but  this  is  probably  not  the 
case.  There  does  not,  however,  seem  to  be  any  means  of  de- 
termining the  degree  of  ionisation  of  the  polybromide.  Even  were 
it  known,  it  would  be  difficult  to  make  a  correction  for  it  in  the 
equilibrium  equation  on  account  of  the  observed  non-conformity 
of  highly  ionised  substances  to  the  law  of  mass  action. 

The  above  discussion  shows  clearly  that  the  only  reasonable 
explanation  of  the  variation  of  the  constant  obtained  on  applying 
the  equation  of  equilibrium,  other  than  that  which  assumes  the 
formation  of  more  than  one  compound  in  the  solution,  is  that  it 
is  due  to  the  degree  of  ionisation  of  potassium  bromide  and  the 
polybroinide  formed  being  different.  It  is  not  improbably  due  to 
a  combination  of  both  these  causes.  These  results,  taken  in  con- 
junction with  those  obtained  in  part  I  of  this  paper,  leave  little 
room  to  doubt  that  KBr,  is  formed  in  the  solutions,  and  seem  to 
indicate  that  small  quantities  of  a  more  complex  polybromide  are 
formed  at  the  same  time. 


Summary. 

1.  The  solubility  of  bromine  in  aqueous  solutions  of  potassium 
bromide  has  been  determined  over  a  wide  range  of  concentrations  at 
18-5°  and  at  26-5°. 

2.  The  solubility  curves  for  concentrations  below  01  gram- 
molecule  per  litre  are  perfectly  straight,  and  correspond  both  at 
18-5°  and  at  26-5°  to  an  additional  absorption  of  two  atoms  of 
bromine  for  every  molecule  of  potassiixm  bromide  in  solution.  In 
these  cases  the  bromine  probably  combines  with  the  whole  of  the 
potassium  bromide  present  to  form  KBr^,  no  compounds  of  greater 
complexity  being  formed. 

3.  The  curves  for  higher  concentrations  of  potassium  bromide 
deviate  slightly  on  the  side  of  increased  solubility  of  bromine,  and 
probably  indicate  the  additional  formation  of  small  quantities  of 
more  complex  compounds  than  KBrg.  This  explanation  is  sup- 
ported by  the  fact  that  the  deviation  is  seen  to  be  greater  at  the 
lower  temperature. 

4.  The  application  of  the  principle  of  mass  action  has  been  shown 
to  lead  to  no  knowledge  of  the  constitution  of  the  polybromide 
formed  in  the  case  of  solutions  saturated  with  bromine.  Its  ap- 
plication in  the  case  of  solutions  containing  varying  amounts  of 
bromine  insufficient  for  saturation  leads  to  results  which  appear  to 
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substantiate  the  formation  of    KP>r.,  along  with  smaller  qnantities 
of  a  more  complex  compound. 

5.  A  simple  means  has  been  devised  of  determining  the  quantity 
of  a  volatile  substance  present  in  a  system  containing  various  sub- 
stances in  equilibrium,  where  estimation  by  chemical  means  is 
not  possible.  It  has  the  great  advantage  over  other  methods  which 
have  been  devised  of  avoiding  the  presence  of  a  foreign  substance, 
such  as  carbon  disulphide,  and  by  its  simplicity  reduces  the  chances 
of  experimental  error  to  a  minimum. 

I  desire  to  thank  Professor  Frederick  D.  Brown  for  the  helpful 
interest  he  has  taken  in  ni}'  work. 

University  College, 
Auckland, 

New  Zealand. 


CXV^III. — The  Relation  of  Ammonium,  to  the  AJlcrdi 
Metals.  A  Study  of  Ammoni/imi  Magnesinm  and 
Ammonium  Zinc  Sidpliates  and  Selenates. 

By  Alfred  Edwin  Howard  Tutton,  M.A.,  D.Sc.  (Oxon.),  F.R.8. 

In  an  earlier  communication  (Trans.,  1903,  83,  1049),  the  ref^ult.s  were 
given  of  a  study  of  the  crystallised  normal  sulphate  of  ammonium, 
together  with  a  di.scussion  of  their  bearing,  when  con.sidered  alongi^ide 
those  previously  published  (Trans.,  1894,  65,  628)  for  the  corresponding 
sulphates  of  potassium,  rubidium,  and  cajsium,  on  the  relationship  of 
the  ammonium  complex,  NH^,  to  those  three  sti-ictly  comparable  alkali 
metals  belonging  rigidly  to  the  same  family  group  of  the  periodic 
classification.     The  results  of  an  investigation  of  the  four  ammonium 

double  sulphates  and  selenates  of  the  series  llgMU  Oj^.CiH.p  contain- 
ing magnesium  and  zinc  are  now  presented,  and  compared  with  those 
previously  given  for  the  similar  salts  containing  the  three  alkali  metals 
(Trans.,  1893,  63,  337,  an.l  1896,  69,  344  ;  Froc.  Roy.  Soc,  1900,  QQ, 
248,  and  1900,  67,  58  ;  rhil.  Trans.,  1901,  A,  197,  255). 

The  two  double  sulphates  were  partially  described  by  Murmann  and 
Rotter  in  the  year  1858  {Sitzungsber.  K.  Akad.  Wiss.  Wien.,  34,  135),  and 
the  optical  properties  of  the  two  double  selenates  and  of  ammonium 
magnesium  sulphate  were  studied  by  Topsiie  and  Christiansen  in  the 
year  1874  {Ann.  CJiim  Phys.,  1874,  [v],  1,  73,  76  and  87).   The  optical 
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propei'ties  of  ammonium  zinc  sulphate  have  also  been  more  recently 
sturlied  in  greater  detail  by  Perrot  {Arch.  Sci.  phys.  nat.,  1891, 
25,  26). 

The  two  dovible  sulphates  have  several  times  formed  the  subject  of 
specific  gravity  determinations  (see  pp.  1136  and  1143),  and  the  density 
of  the  double  selenates  was  also  determined  by  Topsoe.  But,  as  was 
pointed  out  by  Pettersson  in  regard  to  other  salts,  Topsoe' s  densities 
were  frequently  too  low,  and  this  will  subsequently  be  shown  to  be 
the  case  pre-eminently  with  ammonium  magnesivim  and  ammonium  zinc 
selenates. 

The  data  available  in  respect  to  both  morphological  and  physical 
properties  of  the  four  salts  under  consideration  will  thus  be  seen  to 
he  inadequate,  and  unsuitable  for  the  purpose  of  a  strict  comparison 
with  the  corresponding  double  salts  containing  the  alkali  metals,  and 
it  was  therefore  desirable  that  these  ammonium  salts  should  be  again 
investigated  in  the  same  detailed  and  more  accurate  manner  as  the 
salts  of  the  alkali  metals  already  treated  of  in  the  author's  former 
communications. 

Miers  {Phil  Trans.,  1903,  A,  202,  459)  has  recently  described 
an  important  phenomenon,  of  which  numerous  instances  have  been 
observed  in  the  course  of  this  and  the  author's  previous  investigations. 
It  is  pointed  out  that  the  primary  faces  of  crystals  are  frequently 
replaced  by  two  or  more  vicinal  faces,  deviating  from  the  position  of 
the  primaiy  plane  by  several  minutes  of  arc.  A  study  of  a  growing 
crystal  of  potash  alum  led  to  the  observation  that  the  images  from  the 
various  faces  continually  altered  their  positions,  that  the  angle  between 
the  adjacent  faces  was  never  the  theoretical  angle  of  the  regular  octa- 
hedron, and  that  the  faces  usually  yielded  multiple  images  lying  very 
close  together.  The  latter  were  subsequently  found  to  be  three  in 
number,  of  which  one  was  often  very  much  brighter  than  the  others, 
due  to  the  octahedron  face  being  replaced  by  the  facets  of  a  very  flat 
triakis  octahedion,  of  which  one  face  largely  predominated  over  the 
others.  The  three  images  frequently  changed  their  positions,  the  lines 
of  movement  being  inclined  at  120'^  to  each  other,  but  the  movement 
did  not  occur  continuously  but  ^^er  saltum.  It  was  very  uncertain, 
however,  whether  the  forms  produced  could  be  expressed  by  any 
rational  indices,  even  by  very  high  numbers.  The  angles  of  the  vicinal 
faces  varied  at  different  times  from  the  true  octahedron  face  by  2'  to 
30'.  Similar  observations  were  made  in  the  cases  of  sodium  chlorate 
(cubic)  and  the  sulphates  of  magnesium  and  zinc  (rhombic).  In  the 
case  of  zinc  sulphate,  the  primary  prism  faces  varied  from  9F6'  to 
91°15',  due  to  the  production  of  various  vicinal  faces  instead  of  the 
true  primary  prism  {110}.  In  the  case  of  magnesium  sulphate, 
similar  variations  of  20'  were  observed.     It  is  pointed  out  that  with 
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11  v.stals  of  comparatively  low  symiuefcry  the  mean  of  a  uumber  of 
iiitasuiemeuts  may  give  a  result  very  far  from  the  truth.  In  the 
tabic  system,  the  mean  may  give  the  correct  result,  as  the  vicinal 
Inces  follow  the  symmetry  ;  but  in  the  case  of  a  rhombic  prism  each 
face  will,  from  the  symmetry,  be  replaced  by  one  vicinal  plane  only, 
ami  the  prism  angle  afforded  might  be  considerably  too  large  or  too 
small. 

Miers  further  showed  that  the  vicinal  planes  follow  specific  well- 
deiined  zones  only,  and  that  to  replace  primary  faces  by  vicinal  planes 
is  to  replace  planes  of  the  greatest  possible  reticular  density  (referring 
to  the  space-lattice  structure  of  the  crystal)  by  planes  of  the  least 
possible  reticular  density.  Of  all  possible  causes  of  the  phenomenon 
investigated,  change  of  concentration  during  crystallisation  appeared 
to  be  most  actively  influential. 

Hence  Miers  suggests,  as  the  explanation,  that  the  escape  of  the 
water  during  deposition  from  the  only  slightly  supersaturated  solution 
causes  the  shower  of  solid  salt  particles  to  fall  in  a  loosely  packed 
condition,  and  if  they  are  laid  down  as  plane  layers  thus  widely  spaced, 
the  plane  at  any  moment  is  a  vicinal  face  rather  than  the  primary  face 
itself. 

These  observations  and  speculations  of  Miers  have  a  special  bearing 
on  the  author's  work,  the  most  difficult  part  of  which  has  been  the  pre- 
paration of  adequately  perfect  crystals  for  the  determination  of  the  small 
angular  differences  between  the  crystals  of  diff'erent  members  of  isomor- 
phous  series  of  salts.  Every  variety  of  the  vicinal  face  phenomenon 
referred  to  by  Miers  has  been  observed,  and  it  may  at  once  be  said  that 
the  phenomenon  has  not  been  permitted  to  aft'ect  in  the  slightest  degree 
the  results  now  or  previously  published.  Even  if  this  had  not  been  so, 
the  phenomenon  could  not  have  essentially  altered  the  results  for 
two  sufficient  reasons  :  first,  because  the  differences  (especially  in  the 
double  salts,  where  the  differences  between  a  potassium  and  a  ciesium 
salt  exceed  2")  are  much  larger  than  those  between  the  vicinal  and 
primary  planes ;  and,  secondly,  because  the  whole  of  any  isomorphous 
series  of  salts  is  similarly  affected  by  the  phenomenon,  rendering  com- 
parisons equally  valid. 

The  phenomenon  having  been  met  with  from  the  commencement  of 
"the  work  in  1892,  great  eff'orts  have  been  made,  and  with  invariably 
successful  results,  to  eliminate  it.  Of  each  salt,  a  large  number  of 
crops,  often  exceeding  a  hundred,  have  been  prepared,  with  every 
precaution  against  disturbance  during  crystallisation.  A  room  has  been 
entirely  set  apart  for  the  crystallising  work,  and  great  labour  has  been 
expended  on  this  all-important  part  of  the  investigation.  The  result 
has  been  that  about  half  a  dozen  crops  of  each  salt  have  been  obtained, 
in  which  it  has  been  possible  to  discover  an  adequate  number  of  small 
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crystals  of  so  perfect  a  character  as  to  show  no  sign  of  vicinal 
faces,  the  primary  planes  themselves  having  been  well  formed  and 
inclined  at  the  theoretical  angles.  These  crystals  have,  as  a  rule,  been 
much  more  minute  than  those  employed  by  Miers,  and  had  been 
deposited  under  conditions  of  extreme  quietude,  and  from  solutions 
screened  from  all  rapid  change  of  temperature. 

As  regards  the  series  R^Mf^  04)2,61120,  the  crystals  generally  show 

strintion  of  the  faces  of  the  basal  plane  c{001}  and  the  primary  prism 
jij{110},  parallel  to  the  symmetry  plane  {010},  that  is,  to  the  axes 
a  and  c,  due  to  vicinal  faces  being  formed  instead  of  the  simple  c  and  p 
faces.  The  directions  will  be  clear  from  the  shading  in  Fig.  1 .  In  the 
case  of  the  c  faces,  when  the  zone  [fiyc]  is  adjusted  parallel  to  the  axis  of 
the  goniometer,  two  images  of  the  Websky  signal,  separated  by  about  20', 
usually  predominate  very  markedly  in  the  bundle,  symmetrically 
arranged  to  the  symmetry  plane,  that  is,  about  10'  on  each  side  of  the 


Fig.  1. 

position  for  a  true  c  image.  The  position  of  the  true  c  plane  is,  however, 
indicated  by  the  precision  of  the  images  reflected  by  the  faces  of  the 
clinodome  (?{011},  which  were,  in  the  selected  crystals  used  for  this 
work,  genei'ally  jierfect,  being  single  and  well  defined ;  also  by  those  from 
the  faces  of  the  clinopinacoid  i{010},  which  in  the  four  ammonium  salts 
now  described  are  more  largely  developed  than  has  been  observed  with 
the  other  salts  of  the  series.  These  two  forms  are  peculiarly  free 
from  the  vicinal  face  phenomenon.  It  thus  a})pears  that  the 
Vicinal  planes  not  only  follow  specific  well-defined  zones,  but  that 
certain  forms  only  in  such  zones  are  particularly  addicted  to  them. 
Numerous  cases  have  been  goniometrically  investigated  in  which  the 
q  images  were  quite  perfect,  whilst  the  c  images  were  of  the  double 
character  (with  fainter  intermediate  images)  already  mentioned.  It 
was  evident  that  these  c  faces  were  not  true  basal  planes  cJOOI},  but  in 
each  case  a  pair  of  vicinal  faces  of  the  kind  described  by  Miers, 
"When  the  zone  [cr'j  was  adjusted,  the  c  images,  whether  consisting  of 
vicinal  faces  or  of  the  true  basal  plane,  were  invariably  trustworthy, 
for  even  in  the  former  case  the  images  in  the  bundle  were  arranged 
vertically    over    each    other,    and    their    narrow    central    parts    fell 
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identically  on  the  vertical  cross  wire  when  any  one  of  them  was 
adjusted.  Hence,  when  good  r  faces  were  present,  as  was  the  case 
with  the  crystals  selected  for  measurement,  the  value  of  the  angle  cr 
was  always  ascertainable  with  precision. 

The  q  faces  were  absolutely  perfect  on  the  crystals  measured,  the 
angle  qq  in  the  zone  [^gc]  being  always  the  same  within  very  narrow 
limits,  enabling  the  theoretical  position  of  the  c[001}  plane  (half-way 
between  each  pair)  to  be  precisely  determined,  for  cq  =  \qq.  More- 
over, in  the  cases  of  at  least  6  crystals  out  of  the  10  or  more  measured  of 
each  salt,  the  c  faces  themselves  were  also  perfect,  affording  single 
brilliant  images  of  the  signal  and  no  traces  of  vicinal  faces.  These 
perfect  c  images  occupied  exactly  the  theoretical  position  within  2'. 
Thus,  for  instance,  in  the  case  of  ammonium  magnesium  selenate,  six 
perfect  c  faces  gave,  with  the  twelve  adjoining  similarly  perfect  q  faces, 
twelve  angles  varying  from  25°27'  to  25°3r,  a  difference  of  only  4', 
and  their  mean,  25°29',  was  identical  with  the  moan  value  of  38 
measurements  (with  different  faces)  of  the  angle  cq.  Also  in  these 
cases  the  6[010}  faces  afforded  single  and  brilliant  images  at  exactly 
90°0'  to  the  c  faces. 

In  the  case  of  the/; (110}  faces,  the  image  corresponding  exactly  to 
{110}  was  always  present,  but  generally  in  a  bundle  of  which  the  two 
extremes  were  not  symmetrical  {naturally,  from  the  nature  of  the 
symmetry)  to  it,  that  is,  it  was  not  the  central  image  of  the  bundle. 
Also  it  was  not  usually  the  brightest,  the  latter  being  sometimes  on 
one  side  and  sometimes  on  the  other.  Perfect  p  images  were,  however, 
afforded  in  the  cases  of  the  specially  good  crystals  referred  to,  and  the 
values  obtained  with  them  for  the  angles  hp  were  always  the  same 
within  one  or  two  minutes. 

The  true  position  of  the  p  and  c  faces  is  always  indicated  clearly  by 
a  particularly  trustworthy  image  being  afforded  whenever  the  crystal 
has  grown  with  one  of  these  two  planes  in  contact  with  the 
flat  bottom  of  the  crystallising  vessel.  Such  contact  faces  are  always 
indicated  by  their  being  marked  with  contour  lines,  as  shown  in 
Fig.  2,  in  the  case  of  the  upper  c  face  of  one  of  the  crystals  of 
ammonium  zinc  sulphate,  which  had  been  during  growth  the  lower 
one  in  contact  with  the  bottom  of  the  dish.  These  contours  are  due 
to  a  lifting  up  of  the  crystal  during  growth,  with  eventual  production 
of  a  hollow  pyramid,  arranged  in  steps,  owing  to  the  central  part  of 
the  face  not  being  in  contact  with  more  than  a  film  of  the  saturated 
solution,  whilst  the  margin  is  in  contact  with  ample  solution  and  has 
full  facility  for  the  deposition  of  the  shower  of  solid  salt  particles.  A 
series  of  shallow  steps  is  thus  produced,  the  horizontal  strip-like 
surfaces  of  which,  bounded  by  contour  lines  I'esembling  etched  figures, 
are  parallel  to  the  plane  undergoing   growth    (in   this   case  the    basal 
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plane) ;  and  the  interesting  point  is  that  the  whole  of  these  contour 
strips,  which  together  make  up  the  crystal  face  (in  this  case  c),  atlord 
a  single  coincident  image  of  the  signal.  This  image,  in  the  case  of  such 
c  faces,  lies  accurately  in  the  zone  [bqc]  ;  it  is  truly  orientated 
midway  between  the  two  «7  images,  and  shows  no  trace,  in  the  cases  of 
well-formed  crystals,  of  vicinal  faces.  A  perfectly  analogous  remark 
applies  to  ]}  faces  which  have  been  the  contact  planes,  with  respect  to 
their  accurate  position  in  the  zone  [bp].  In  all  cases,  the  values  for 
the  angles  cq  or  bp  made  by  such  faces  are  found  to  be  coincident  with 
the  mean,  that  is,  the  true,  values  of  these  angles,  and  with  the  values 
derived  from  exceptionally  perfect  crystals  showing  no  trace  of 
ambiguity. 

Enough  will  have  been  said  to  prove  that  the  author's  con- 
clusions are  in  nowise  affected  by  the  vicinal  face  phenomenon, 
and  the  proof  is  rendered  absolute  by  the  fact  that  the  measure- 
ments for  the  different  salts  have  been  rigidly  comparative,  as  well 
as  having  been  directed  towards  obtaining    accurately  the    absolute 


Fig.  2. 


values  of  the  various  angles.  Hence,  even  if  any  effect  had  been 
possible— and  the  contrary  has  been  conclusively  shown  to  be  the 
fact — it  would  have  been  equal  throughout  the  series,  leaving  the 
comparison  totally  unaffected. 

The  author  is  glad  to  have  this  opportunity  of  confirming 
Miers'  observations  and  general  conclusions,  for  it  is  certain  that 
this  phenomenon  of  vicinal  faces  is  one  which  promises  to  lead  to 
great  advances  in  our  knowledge  of  the  mode  of  deposition  of 
crystals,  and  of  the  nature  of  the  physical  changes  which  accompany 
the  act  of  crystallisation. 

In  connection  with  the  correct  setting  up  (  "  riclitige  Aufstellung  ") 
of  crystals  {2eit.  Kryst.  Min.,  1902,  35,  129),  Fedoroff'  expresses 
the  opinion  that  both  the  rhombic  simple  sulphates    and    selenates, 

E->o  O.,     and     the     monocliuic     double     sul|)hates      and     selenates, 
-fee   * 

EgMf  ^^04j^,6H.p,    are    of    pseudohexagoual    type,    and    that    they 

should   be  so  considered  in  calculating  the  topic  axes.      The  author 
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is  not  responsible  for  the  mode  of  setting  up  the  crystals  of  the 
salts  of  these  series,  that  is  to  say,  for  the  choice,  within  the 
limits  imposed  by  rhombic  and  monoclinic  symmetry  respectively, 
as  to  which  particular  faces  shall  be  considered  as  the  primary 
planes,  but  is  merely  responsible  for  having  adopted,  to  save  the 
confusion  which  has  so  often  resulted  from  different  descriptions  of 
the  same  crystallised  substance  by  different  observers,  the  same 
mode  of  setting  up  in  the  case  of  the  crystals  of  each  series  as. 
that  employed  by  Groth  in  his  Physikalische  KrystaXlographie, 
and  which  in  the  case  of  the  double  salt  series  goes  back  beyond 
the  time  of  Murmann  and  Rotter  (1858).  The  extreme  closeness  of 
approximation  of  the  rhombic  crystals  of  the  simple  salt  series  to  true 
hexagonal  symmetry — the  diffei'ence  from  60^  being  less  than  1° — 
renders  Fedoroff 's  supposition  in  the  case  of  that  series  highly  probable, 
and  the  topic  axes  have  therefore  been  recalculated  on  that  basis  and 
are  given  in  the  following  memoir.  In  the  case  of  the  monoclinic 
double  salts,  however,  there  is  no  approximation  whatever  to  a  pseudo- 
hexagonal  type,  the  angle  which  should  correspond  to  60°  being 
71 — 73°  in  the  various  salts.  They  cannot,  therefore,  be  considered 
as  having  a  pseudohexagonal  space  lattice,  and  are  not  strictly  com- 
parable to  the  rhombic  salts.  Wulft'  {Zeit.  Kryst.  Min.,  1901,  34, 
472)  has  proposed  a  setting  up  based  on  the  acceptance  of  the 
cleavage  direction  as  {001}  instead  of  {201}.  But  if  this  orientation 
is  adopted,  no  orthopinacoid  {100}  is  found  developed,  and  the 
arrangement  is  consequently  no  more  satisfactory  than  the  normal 
one  adopted  by  Groth  and  by  the  author.  Hence,  the  ordinarily 
accepted  orientation  is  retained  for  the  purpose  of  calculating  the 
topic  axes  as  well  as  for  all  other  purposes. 

In  order  that  no  question  may  arise  as  to  the  accui'acy  of  the 
author's  values  for  the  densities  of  the  salts,  they  have  been 
determined  not  only  by  accurate  pycnometer  methods,  but  also  by  the 
suspension  method  (Retgers,  Zeit.  p/iysikal.  C'hem.,  1889,  3,  289  and 
497),  using  methylene  iodide  and  benzene  for  the  production  of  the 
floating  liquid.  This  method  has  not  been  hitherto  employed  by  the 
author,  because  it  is  not  applicable  to  the  cases  of  the  simple  sulphates 
and  selenates  of  rubidium  and  ctesium,  the  lightest  of  these  salts 
(rubidium  sulphate)  being  slightly  denser  than  pure  methylene  iodide, 
the  only  available  heavy  liquid  without  action  on  the  salts.  Hence 
density  results  of  a  strictly  comparable  character  cannot  thus  be 
obtained  in  the  case  of  the  simple  salt  series.  The  method  is, 
however,  applicable  in  the  case  of  the  double  salts,  all  of  which  are 
lighter  than  methylene  iodide,  so  that  the  mixture  of  the  latter  with 
benzene  can  be  employed. 

The    two    pycnometers     employed    throughout    the    whole    of    the 
VOL.   LXXXVII.  4-    F 
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author's  density  work  were  each  fitted  with  a  tightly  ground  glass 
cap,  which  was  maintained  throughout  the  weighing  pressed  down 
over  the  capillary  stopper  by  a  spring  forming  part  of  a  little 
supporting  wire  stand.  Hence,  evaporation  of  the  liquid  (carbon 
tetrachloride)  employed  was  precluded.  The  salts  were  always 
carefully  dried  after  pulverisation,  at  temperatures  higher  than  the 
ordinary  and  which  varied  according  to  the  nature  of  the  salt,  and 
only  such  dry  powder  was  employed  as  passed  through  the  meshes  of 
a  sieve  of  the  finest  platinum  gauze.  Consequently,  any  trace  of 
mother  liquor  liberated  from  cavities  by  the  jiulverisation  had  been 
removed,  and  residuary  cavities  reduced  to  a  minimum.  Moreover, 
all  trace  of  air  was  removed  by  causing  the  carbon  tetrachloride  with 
which  the  powder  had  been  covered  to  boil  in  a  Sprengel  vacuum  for 
half  an  hour  at  the  ordinary  temperature.  The  determinations  have 
all  been  made  at  20°  by  immersion  of  the  pycnometers  in  a  double 
water-bath  raised  to  this  temperature  with  extreme  slowness.  The 
results  are,  therefore,  comparable  in  the  sti'ictest  sense. 

The  only  possible  error  still  persisting  is  that  due  to  the  minimum 
quantity  of  mother  liquor  enclosed  in  minute  cavities  still  contained 
by  the  particles  of  powder,  and  the  question  arises  as  to  whether  the 
amount  of  this  error  is  appreciable.  If  it  only  affects  the  fourth 
place  of  decimals,  it  may  be  neglected  as  being  less  than  the  real 
differences  between  different  crystals.  But  if  it  affects  the  third 
place,  then  it  is  of  importance  as  regards  the  absolute  values,  although 
comparisons  will  still  be  valid.  The  suspension  method  having 
afforded  I'esults  higher  by  one  or  two  units  in  the  third  place  of 
decimals  in  those  cases  investigated  by  Retgers,  it  has  been  assumed 
that  the  reason  is  that  the  most  perfect  pycnometer  method  is  subject 
to  such  an  effect  on  the  third  place  of  decimals.  On  the  other  hand, 
the  possible  error  of  the  suspension  method  is  of  the  opposite  character, 
the  results  being  possibly  very  slightly  too  high  owing  to  the  loss  by 
evaporation  of  some  of  the  moi-e  volatile  lighter  constituent,  benzene 
in  this  case,  during  the  interval  between  the  floating  and  the  deter- 
mination of  the  density  of  the  liquid  mixtui-e,  even  when  working 
with  the  maximum  rapidity.  It  has  been  considered  by  the  author 
advisable,  however,  to  redetermine  the  densities  by  the  suspension 
method,  and  to  compare  the  results  with  those  obtained  with  the 
pycnometer. 

The  method  of  carrying  out  these  determinations  (Retgers,  Zeit. 
pliysihiil.  Chem.,  1889,  3,  289  and  497)  consists,  first,  in  producing 
such  a  mixture  of  methylene  iodide  and  benzene  as  is  of  exactly  the 
same  density  as  the  heaviest  of  the  small  crystals  employed,  and, 
secondly,  in  determining  the  density  of  this  liquid  by  weighing  a 
pycnometer  filled  with  it. 
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The  specially  pure  methylene  iodide,  obtained  from  Merck,  was  only 
very  faintly  yellow,  and  was  maintained  in  this  condition  by  storing  it 
in  the  dark  and  only  making  the  determinations  in  the  evening  by  arti- 
ficial light.  For  the  first  operation,  about  8  c.c.  were  transferred  to  a 
miniature  dropping  funnel,  with  cylindrical  bulb  of  20  c.c.  capacity.  The 
ten  or  more  perfect  small  crystals  used  for  the  goniometrical  work,  which 
were  the  least  likely  to  contain  cavities,  when  introduced,  swam  on  the 
surface  of  the  methylene  iodide.  Benzene  was  then  introduced  gradually 
from  a  still  smaller  dropping  funnel,  until  the  crystals  began  to  regain 
the  surface  only  slowly  after  agitation,  when  all  further  additions  of 
benzene  were  made  only  one  drop  at  a  time,  followed  by  vigorous 
shaking,  with  the  stopper  in  place.  As  soon  as  the  desired  equilibrium 
of  density  was  attained,  the  stopper  was  replaced  by  a  centrally  bored 
cork  carrying  a  thermometer  reading  to  0"1°,  which  was  so  arranged 
that  its  bulb  lay  altogether  immersed  in  the  liquid.  When  equili- 
brium of  temperature  is  attained,  the  heaviest  crystal  should  float 
anywhere  in  the  liquid  without  rising  or  falling.  By  working  with  a 
pair  of  pycnometers,  it  is  so  arranged  that  if  in  the  first  determination 
the  tendency  of  the  heaviest  crystal  is  to  rise,  then  in  the  second 
detei-mination  with  the  other  pycnometer  it  is  made  to  show  a  tendency 
to  sink.  It  is  best  to  work  in  a  room  the  temperature  of  which  is 
approximately  20^,  lower  rather  than  higher,  but  preferably  not  lower 
than  15°,  for  all  the  results  are  presented  for  the  constant  temperature 
of  20^^  ;  in  this  case,  the  determinations  are  reduced  to  20°  with 
the  aid  of  the  knowledge  of  the  coeflicient  of  expansion  of  the 
crystals. 

Immediately  the  temperature  of  the  liquid  had  been  read,  it  was 
run  off  into  one  of  the  pycnometers  as  rapidly  as  the  stopcock  allows, 
the  perforated  stopper  was  replaced,  the  neck  of  the  vessel  rapidly 
wiped  dry  without  touching  with  the  naked  fingers,  the  cap  fitted  on,  and 
the  filled  pycnometer  inserted  in  its  spring  stand,  which  pr-esses  the  cap 
tightly  down  on  the  neck.  Eapidity  is  essential,  and  the  pycnometer 
and  stand  were  at  once  weighed. 

All  weighings  have  been  corrected  for  the  air  displaced,  as  in  former 
determinations.  As  regards  the  coeflicient  of  expansion  of  the 
crystals,  Ketgers  takes  it  to  be  0-0001  for  salts  generally.  This  fully 
agrees  with  the  results  of  the  author's  direct  measurements  of  the 
coefficients  of  thermal  expansion  of  the  normal  alkali  sulphates  {Phil. 
Trans.,  1899,  A,  192,  455),  for  the  actual  coefficients  of  cubical  ex- 
pausion  at  any  temperature  t  were  found  to  be  : 

For  potassium  sulphate,  0-00010475  +  0-0000001396^. 
„  rubidium  sulphate,  000010314  +  0-0000001534^. 
„    cffisium  sulphate,       0-00010170  +  0-0000001620^ 
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The  correction  per  degree  is  therefore  O'OOOl  multiplied  by  the 
sp.  gr.  of  the  salt. 

Two  pairs  of  determinations  have  been  carried  out  for  each  salt, 
thus  affording  four  different  values  of  the  sp.  gr.  by  the  suspension 
method,  and  the  mean  of  these  to  the  nearest  figure  in  the  third  place 
of  decimals  is  accepted  for  the  true  density.  It  will  be  shown  that 
this  is  in  general  about  two  units  in  the  third  place  of  decimals  higher 
than  the  value  obtained  as  the  mean  of  the  pycnometer  determinations 
with  the  powdered  dry  salt.  It  is  thus  apparent  that  the  latter 
method  is  indeed,  in  spite  of  all  precautions,  affected  by  the  presence 
of  cavities,  and  this  is  the  more  clearly  proved  by  the  case  of  an 
unusually  turbid  (and  therefore  cavity-containing)  salt,  ammonium 
zinc  selenate,  where  the  difference  is  as  much  as  0-005  higher  for  the 
suspension  method,  as  employed  with  the  perfectly  clear  and  cavity- 
free  minute  crystals  selected  for  the  goniometry. 

In  order  that  the  comparisons  of  all  constants  involving  the  density 
may  be  strictly  valid,  redeterminations  by  the  suspension  method  of 
the  densities  of  the  potassium,  rubidium,  and  caesium  analogvies  of  the 
salts  now  described  are  included  in  this  memoir. 

Ammonium  Magnesium  Sulphate,  Q^H^.^i^i^O^.^fi^i^- 

An  estimation  of  magnesium  in  a  specimen  of  the  crystals  employed 
gave  the  following  result  :  1  -0900  grams  of  crystals  yielded  0-3461  gram 
of  magnesium  pyrophosphate,  which  corresponds  to  6  "86  per  cent,  of 
magnesium,  the  calculated  value  being  6-67  per  cent. 

Goniometry. 

Eleven  ci-ystals  of  excejitional  perfection  and  of  small  size  were 
selected  out  of  four  chosen  crops  (upwards  of  a  hundred  crops  having 
been  prepared)  for  the  purpose  of  the  goniometrical  measurements. 

Ratio  of  axes  :  a  :5:c  =  0-7400:  1  :  0-4918. 

Axial  angle:  ^  =  72°54'. 

Habit  :  short  prismatic.  Prisms  formed  by  clinopinacoid  and  prim- 
ary prism. 

Forms  observed  :  5  =  {OlOjoo  Poo  ,  c=  [OOljoP,     p=-{\\Q}aQP, 

/'  =  {130iooi'3,    g  =  {011}i2oo,r'  =  {201}-t-2?oo, 
o={inj-P,      o'  =  {\U}  +  P,  ?i  =  {121}-2iP2. 

The  results  are  displayed  in  the  table  of  angles  on  pp.  1134,  1135. 

The  crystals  of  the  crops  employed  in  these  measurements  were 
generally  of  the  types  shown  in  Figs.  3  and  4.  Both  are  characterised 
by  the  predominating  development  of  the  prism  zone.  The  faces  of 
the  "clinopinacoid  6[010j  in  this  zone  varied,  however,  considerably, 
from   a   mere   strip  to   a   good   broad  plane,   and   often  on   the  same 
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crystcal  the  two  faces  differed  in  this  extreme  manner.  Tlie  images 
from  this  form  were  uniformly  satisfactory,  and  frequently  quite 
perfect.  The  faces  of  the  primary  prism  ^?(llOj  were,  however, 
invariably  largely  developed.  Although  on  the  great  majority  of  the 
crystals  of  the  crops  employed  they  were  generally  aft'ected  by  stria- 
tion  due  to  the  attempt  at  producing  vicinal  faces,  as  described  in  the 
introduction,  the  crystals  chosen  were  free  from  this  defect,  the  images 
being  single,  definite,  and  brilliant.  In  one  case  a  j)  face  was  the 
plane  of  contact  with  the  bottom  of  the  crystallising  vessel,  and  the 
image  afforded  was,  as  usual  with  such  faces,  single  and  perfect ; 
the  value  of  the  corresponding  angle  bp  was  exactly  equal  to  the  mean 
value  given  in  the  table. 

The  two  types  figured  show  their  greatest  divergence  as  regards  the 
development  of  the  basal  plane  cJOOl},  which  varied  from  a  broad  face 
to  a  strip  sometimes  reduced  to  a  mere  line.  The  faces  of  this  form 
were  particularly  good  examples,  in  the  greater  number  of  crystals  of 


Fig.  3. 


Fig.  4. 


any  crop,  of  the  production  of  two  vicinal  faces  symmetrically  situated 
to  the  symmetry  plane,  instead  of  the  true  basal  plane  perpendicular 
to  the  plane  of  symmetry.  In  the  1 1  chosen  crystals,  however,  this 
was  reduced  to  a  minimum,  and  several  of  the  crystals  exhibited  single 
c  images  accurately  perpendicular  to  the  symmetry  plane.  In  one 
interesting  case,  three  images  were  afforded  by  one  of  the  two  c  faces 
in  the  zone  \cqh\,  the  central  image  being  exactly  equidistant  from 
the  two  q  images,  while  the  other  two  were  equidistant  from  this 
central  image  a  few  minutes  on  each  side  of  it. 

Hence,  this  was  a  case  of  the  simultaneous  presence  of  the  true 
basal  plane  and  a  pair  of  vicinal  faces.  To  the  naked  eye,  the  face 
appeared  slightly  curved ;  it  consisted  really  of  three  planes  very 
slightly  inclined  to  each  other. 

The  faces  of  the  clinodome  gjOll}  were  invariably  excellent,  the 
reflected  images  of  the  signal  being  single,  brilliant,  and  in  every  way 
suitable  for  the  purpose  of  the  accurate  determination  of  the  angles 
6«?(010):(011)  and   ^^(Oll) :  (Oil).     It   will   be  clear  from  the  table 
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that  the  mean  value  of  all  the  cq  measurements,  25°ir,  was  found  to 
be  exactly  the  same  as  the  complement  of  the  mean  measured  hq, 
(.14°49',  about  which  there  is  no  shadow  of  possible  ambiguity.  Hence 
the  measurements  are  absolutely  unaffected  by  the  interesting  vicinal 
face  phenomenon  exhibited  by  the  basal  plane. 

No  faces  of  the  orthopinacoid  o{100}  were  ever  observed.  The 
orthodome  /{201}  was  generally  present,  and  usually  one  of  its  faces 
greatly  exceeded  the  other  in  size,  the  variation  being  from  that  shown 
in  Fig.  3  to  considerably  less  than  the  size  of  the  r  face  shown  in 
Fig.  4.  The  o'lTll}  faces  were  usually  small,  but  they  generally  gave 
very  trustworthy  shai'p  reflections.  Four  good  but  small  faces  of  the 
rarer  pyramid  o{lllJ  were  also  observed  on  three  of  the  measured 
crystals.  In  addition,  faces  of  the  prism  ^/'{ISO}  and  also  of  the 
pyramid  7i{121}  were  discovered  on  one  of  these  three  crystals. 


Morphological  Angles  of  Ammonium  Magnesium  Sulphate. 


No.  of 

Mean 
observed. 

Angle  measured. 

measure- 

Limits. 

Calculated. 

Diff. 

ments. 

rac     =(100):  (001) 

_ 

_ 

_ 

72°54' 

_ 

as     =(100)  :  (101) 

— 

— 

— 

44  54 

— 

sc     =(101)  :  (001) 

— 

— 

— 

28    0 

— 

cr'    =(001)  :  (201) 

13 

64°25'—  64°32' 

64°29' 

64  25 

4' 

cs'     =(001)  :  (101) 

_ 

— 

— 

38  19 

— 

aV  =(101):  (201) 

— 

— 

— 

26    6 

— 

r'a   =(201)  :  (100) 

— 

— 

— 

42  41 

— 

Vc    =(201)  :  (001) 

12 

115  26—115  34 

115  31 

115  35 

4 

fttp    =(100)  :  (110) 
pp'    =(110)  :  (120) 
/&    =(120)  :  (010) 

_ 

_ 

_ 

35  16 



— 

— 

— 

19  28 

— 

—     ■ 

— 

— 

35  16 

— 

-  pp'"  =(110)  :  (130) 

1 

— 

29  26 

29  29 

3 

p"'b  =(130)  :(010) 

1 

— 

25  18 

25  15 

3 

ph     =(110)  :  (010) 

39 

54  35  —  54  50 

54  44 

* 

— 

^pp    =(110)  :  (110) 

19 

70  25—  70  46 

70  34 

70  32 

2 

^cq     =(001):  (Oil) 

40 

25    4—25  16 

25  11 

25  11 

0 

\^qb     =(011)  :  (010) 

40 

64  43  —  64  56 

64  49 

•* 

— 

few     =(100):  (111) 

_ 





48    0 



oq     =(111)  :  (Oil) 

— 

— . 

— 

26  34 

— 

-  aq     =(100)  :(011) 
qo'    =(011)  :  (111) 
ya    =(111)  :  (100) 

— 

— 

74  34 

— 

— 

— 

— 

34  38 

— 

— 

— 

— 

70  48 

— 

(CO     =(001):  (111) 

4 

33  25—  33  39 

33  32 

33  33 

1 

op     -(111):  (110) 

4 

42  23  -  42  43 

42  35 

42  34 

1 

cp     =(001)  :  (110) 

32 

76    1—  76  17 

76    7 

* 

— 

"  po'    =(110)  :  (111) 

— 

— 

— 

59  22 

— 

o'c    ^(111):  (001) 

— 

— 

— 

44  31 

— 

\~pc     =(110):  (001) 

31 

103  44—104    2 

103  52 

103  53 

1 
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Morphological  Angles  of  Ammonium 


ium  Sulphate  (continued). 


Angle  measured. 

No.   of 
measure- 
ments. 

Limits. 

Mean 
observed. 

Calculated. 

Diff. 

(bn     =(010):  (121) 

1 

_ 

54  56 

55    1 

5 

I  no     =(121)  :  (111) 

1 

— 

15  47 

15  42 

5 

-\bo     =(010):  (111) 

2 

70  37  —  70  51 

70  44 

70  43 

1 

[os     =(111):  (101) 

— 

— 

— 

19  17 

— 

(bo'    =(010):  (111) 

7 

65  19  —  65  28 

65  22 

65  22 

0 

■  o's'   =(111)  :  (101) 

- 

■  — 

— 

24  38 

— 

.oV  =(111)  :  (111) 

3 

49    9^  49  21 

49  16 

49  16 

0 

(sq     =(101):  (Oil) 

_ 

— 



36  58 

_ 

]qp     =(011):  (110) 

40 

88  11  —  88  29 

88  21 

88  22 

1 

]ps     =(110)  :  (101) 

— 

— 

54  40 

— 

[pq     =(110)  :  (Oil) 

40 

91  33—  91  49 

91  39 

91  38 

1 

fs'q    =(101)  :  (Oil) 

_ 





44  46 



qn    =(011)  :(121) 

1 

— 

25  58 

26    2 

4 

7ip    =(121)  :  (110) 

1 

— 

36  28 

36  24 

4 

■  qp    =(011)  :  (110) 

40 

62  18  —  62  38 

62  26 

62  26 

0 

ps'    =(110)  :  (101) 

_ 

— 

72  48 

— 

\pq     =(110):  (Oil) 

40 

117  23—117  44 

117  34 

117  34 

0 

(rW  =(201)  :  (111) 





_ 

35  17 

_ 

\o'p    =(111)  :  (110) 

— 

— 

— 

91  36 

— 

]pr'    =(110)  :(201) 

33 

52  53  —  53  14 

53    5 

53    7 

2 

{r'p    =(201)  :  (110) 

32 

126  45—127    5 

126  55 

126  53 

2 

Total  number  of  measurements  :  477. 


53°9', 


Murmann    and    Rotter   (loc.  cit.)  give  ac  (/3)  =  72°54',   cr'  =  64°47', 
^6  =  54°o2',;>;;  =  70°22',  c(?  =  25°17',  cjo  =  76°6',  rV  =  35n9',  and  ;»■'- 
Also  for  the  axial  ratio  :  a:h  :c  =  0-7376  :1  :  0-4891. 
^e. — An  excellent  cleavage  is  developed  pai'allel  to  the  ortho- 
dome  r'{201},  as  in  all  the  other  salts  of  the  series  investigated. 

On  making  a  section  plate  parallel  to  the  symmetry  plane  in  the 
case  of  a  large  crystal  with  the  aid  of  the  cutting  and  grinding  gonio- 
meter, it  happened  on  making  the  final  "  cut-off  "  (second  face)  that 
the  crystal  broke  oS  in  continuation  of  the  cutting  (the  symmetry) 
plane  when  the  cutter  had  proceeded  half-way  through,  and  on  exam- 
ining the  fracture,  both  on  the  plate  thus  suddenly  completed  and  the 
crystal  end  cut  off,  it  was  found  to  be  an  excellent  smooth  face  of  the 
symmetry  plane  (the  clinopinacoid),  yielding  in  each  case  a  perfect 
image  of  the  signal.  The  angles  were  within  1  minute  of  the  theo- 
retical. Hence  it  would  appear  that  the  symmetry  plane  6{010}  is 
also  a  direction  of  cleavage. 
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Relative  Density. — The  following  four  determinations  were  made  by 
the  pycnometer  method  with  independent  material  : 


Weight  of  salt  employed.  8p.  gv.  at  2074' 

3-2298  1-7213 

3-4132  1-7200 


3-0623  j..2jg  .Mean,  1-7210. 

2-9687  1-7206 

The  following  additional  four  were  carried  out  by  the  suspension 
method,  employing  the  perfect  small  crystals  used  in  the  goniometrical 
work,  which,  when  examined  microscopically,  proved  to  be  remarkably 
free  from  air  or  mother-liquor  cavities. 

For  2074°. 

For  19-274" 1-7236  1-7235 

For  17-3/4  1-72-22  1-7218 

For  17-5/4  1-7223  17219 

For  190/4  1-7228  1-7227 

Mean  1-7225 

The  density  for  2074°  is  therefore  taken  as  1-723. 

The  results  of  former  determinations  are  as  follows  :  Playfair  and 
Joule  {Mem.  Chem.  Soc,  1845,  2,  401),  1-721  and  {Journ.  Chem.  Soc, 
1849, 1, 138),  1  -7169  ;  Scliiff  [Ann.  Chem.  Pharm.,  1858, 107,  64),  1-680; 
Schroder  {Journ.  fv.  Chem.,  1879,  [ii],  19,  266),  1-723  and  1-727; 
Perrot  [Arch.  Sci.  2Jhi/s.  nat.,  1891,  25,  26),  1-721. 

Molecular    Volume.——  =  ^^^'^^  -  207-78. 
d  1-723 

Topic  Axes.—x  :  4> :  w  =  6-2320  :  8-4217  :  4-1418. 


Ojytics. 

Orientation  of  Axes  of  Optical  Ellipsoid. — The  plane  of  the  optic 
axes  is  the  symmetry  plane;  the  sign  of  the  double  refraction  is 
positive. 

A  pair  of  section  plates  ground  parallel  to  the  symmetry  plane 
afforded  the  following  extinction  angles  : 

Section  1     12°10'  behind  the  normal  to  c(OOl). 

„      2    12°5'         „  „  c(OOl). 


Mean     12°8' 

Hence  the  second  median  line,  which  corresponds  to  this  extinction 
direction,  is  inclined  4°58'  to  the  vertical  crystallographical  axis  c,  the 
angle  /3  of  the  axes  ac  having  been  shown  to  be  72°54'.     Both  mediar^ 
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lines  lie  in  the  obtuse  angle  ac,  and  the  first  median  line  is  iuclined 
12°8'  to  the  axis  a. 

Murmann  and  Rotter  give  12°15'  behind  the  normal  to  (001)  as  the 
position  of  the  second  median  line  [a  :(001)],  and  Topsoe  and  Chris- 
tiansen give  ll°ir. 

Refractive  Indices. — The  following  are  the  results  with  six  prisms, 
each  ground  so  as  to  afford  two  indices  directly  : 

Refractive  Indices  of  Ammonium  3Iagnesium  Suljjhate. 


Index. 


Vibrations 

parallel  to 

2nd  median 

line. 


Vibrations 

parallel  to 

symmetry 

axis. 


Vibrations 

parallel  to 

1st  median 

line. 


Nature 

Topsoe  and 

of 

Prisms 

Prisms 

Prisms 

Mean  Christiansen 

light. 

1  and  2. 

3  and  4. 

5  and  6. 

index. 

values. 

Li 

1 -4688— 4 

1-4686—4 

1-4685 



C 

1-4692-88 



1-4689-7 

1-4689 

1-4698 

Na 

1-4719—6 

_ 

1-4716—4 

1-4716 

1-4717 

Tl 

1-4742-0 

— 

1-4740—38 

1-4740 

F 

1-4773—0 

— 

1-4772-0 

1-4771 

1-4774 

G 

1-4817-1 

— 

1-4815—3 

1-4814 

— 

Li 

1-4701—698 

1-4702-4 

_ 

1-4701 

_ 

C 

1-4705-2 

1-4705-8 



1-4705 

1-4707 

Na 

1-4730-27 

1-4731—2 

_ 

1-4730 

1-4728 

Tl 

1  -4755—1 

1-4766-9 

_ 

1-4755 

F 

1-4784-3 

1-4787—9 

_ 

1-4786 

1-4787 

V     G 

1  -4829—8 

1-4832-5 

— 

1-4831 

— 

Li 

_ 

1-4758—0 

1-4754—2 

1-4756 

_ 

C 



1-4761—3 

1-4758—6 

1-4760 

1-4751 

Na 

— 

1-4787-9 

1-4784—3 

1-4786 

1-4791 

Tl 

. 

1-4813—4 

1-4810—06 

1-4811 



F 

_ 

1-4842-6 

1-4840-0 

1-4842 

1-4837 

V     G 

— 

1-4888—93 

1-4886—5 

1-4888 

Mean  of  o,  ji,  and  y  for  Na  liglit  =  1  -4744. 


The  indices  found  by  Topsoe  and  Christiansen  are  given  in  the  last 
column,  but  only  the  ^  values  were  directly  determined.  > 

The  intermediate  refractive  index  y8,  corrected  to  a  vacuum  (correc- 
tion =0-0004),  is  expressed  by  the  following  formula  for  any  wave- 
length X,  absolutely  as  far  as  the  green  thallium  line  of  the  spectrum, 
and  approximately  beyond  that  towards  the  violet  end  : 


1-4581-1- 


634  490   3  586  800  000  000 


X2 


\* 


The  a  indices  are  also  reproduced  by  the  formula  with  similar 
accuracy  if  the  constant  1*4581  is  diminished  by  0-0015,  and  the 
y  indices  if  the  constant  is  increased  by  0  0056. 

Alteration  of  Refraction  by  Rise  of  Temjjerature. — The  following 
table  represents  the  results  of  determinations  at  70°  with  two  of  the 
prisms  : 
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Refractive  Indices  of  Ammonium  Magnesium  Sulphate  for  70°. 


ISTature  of  li 

<?ht. 

a. 

)8. 

7- 

Li  ... 

1-4671 

1-4684 

1-4737 

C    ... 

1-4675 

1-4688 

1-4741 

Na... 

1-4700 

1-4712 

1-4767 

Tl... 

1-4725 

1-4736 

1-4792 

F   ... 

1-4757 

1-4766 

1-4823 

These  values  are  lowei'  than  those  for  the  ordinary  temperature  by 
an  average  of  0-0015  for  a,  0-0018  for  /3,  and  0-0019  for  y. 

Axos  of  the  Optical  Ellipsoids. — The  calculated  values  of  these  con- 
stants are  as  follows  : 

Axes  of  optical  indicatrix  :  a  :  ^  :  y  =  0-9991  : 1  :  1-0038. 

Axes  of  optical  velocity  ellipsoid  :  a  :  b  :  c  =  1*0009  :  1  :  0-9962. 

Molecidar  Optical  Constants. — -Emj^loying  the  density  as  afforded  by 
the  suspension  method,  these  constants  work  out  as  follows  : 


Axi.s  of  optical  indicatrix a.  j8.  7. 

0.      ■(■       f      .■  n--\         ,,  CC     0-1616  0-1621  0-1637 

bpucmc  retraction,  —-^ —  \\    <  r^     ni^^o  r,iz?ro  ak^-c 

{n^  +  1)d  IG     0-16o3  0-1658  Olb/5 

,T  ,       1         ...        7i"-l     M  fC  57-85  58-02  58-60 

Molecular  refraction,  ^-^  .  -  =  m    ...  |  ^.  59.^.  59.35  59.95 

Specific  dispersion,  itg  -  Uf.    0-0037  0-0037  0-0038 

Molecular  dispersion,  m,,  -  m^, 1-32  1-33  1-35 

Molecular  refraction,  '—J/ C  97-43  97-76  98-90 

d 

Optic  Axial  Angle. — The  following  results  were  obtained  with  three 
excellent  pairs  of  section  plates  ground  perpendicular  to  the  first 
and  second  median  lines,  all  affording  very  small  rings  and  sharp 
brushes. 

Determination  of  Apparent  Angle    in   Air   of  Ammonium  Magnesium 
Sulphate. 

Light.  Section  1.  Section  2.  Section  3.  Mean  2E. 

Li    79°  1'  79°15'  79''32'  79°16' 

G     79    0  79  14  79  31  79  15 

Na  78  56         79  10         79  27         79  11 

Tl  78  42         78  59         79  12         78  58 

F 78  18        78  44        78  46        78  36 
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Determination  of  True   Optic  Axial  Angle  of  Ammonkmi  Magnesium 
Sulphate. 

No.  of  No.  of 

section     Observed        section        Observed  Calculated    Jfean 


perp.  1st  values  perp.  2nd  values  values         value 

Light,     median  line,  of  2Ha.  median  line,  of  2Ho.  of  2Va.       of  2Va. 

(       1  4.5°12'  la  106'4.5'  5ini'    ^ 

Li \       2  45  21  2a  106  35  5122      \   51"20' 

3  45  23  3a  106  28  51  26 


1  45  10  la  106  41  51  10     ^ 

2  45  18  2«  106  30  51  20      \   51  \i 

3  45  20  3a  106  21  51  24 

44  54  la  106  5  51  5 

Na  ..A       2      44  56  2a  106  0  51 


/ 


(i 


45  5      3a      105  47      51  20  J 


f   1      44  31      la      105  31      50  54 

Tl \       2      44  38      2a      105  28      51  0 

I   3      44  45      3a      105  15      51  12 


/ 


C   1      43  44      la      104  35      50  26  ) 

F  \       2  43  57      2a      104  35      50  38  }   50  36 

t       3  44    4  3a  104  35  50  44     J 

Topsoe  and  Christiansen  {loc.  cit.)  found  78°45'  for  2E  and  50°40' 
for  2Va.  Murmann  and  Eotter  give  77°30'  for  2E  and  50^22'  for 
2Va.  Earlier  values  for  the  true  angle  are  those  of  Brewster,  51°22', 
and  De  Senarmont,  51°4'. 

Dispei'sion  of  the  Median  Lines. — This  was  determined  with  each 
of  the  sections  perpendicular  to  the  first  median  line  by  immersion  in 
oil  of  turpentine,  the  refractive  index  of  which  is  approximately  iden- 
tical with  the  mean  index  of  the  crystals.  The  first  median  line  was 
found  to  be  nearer  to  the  morphological  axis  a  for  red  light  than  for 
blue  by  18',  17',  and  16'  respectively  in  the  three  cases,  using  C  and  F 
light.  Hence  the  dispersion  of  the  median  lines  is  such  that  the 
first  median  line  lies  about  17'  nearer  to  the  axis  a  for  C  light  than 
for  F. 

Eff'ect  of  Eise  of  Temperatiire  on  the  Optic  Axial  Angle. 

Measurements  at  75°  (corrected  for  conduction  of  crystal  holder) 
gave  the  following  results  for  the  two  ends  of  the  spectrum  : 

2E  at  75°.     For  lithium  light,  71°40',  and  for  F  light  70=10'. 

Thus  2E  diminishes  7°36'  for  Li  and  8°26'  for  F,  on  heating  from 
15°  (the  average  of  the  ordinary  tempei"ature  determinations)  to  75". 
This  rise  of  temperature  is  also  accompanied  by  an  increase  of  50' 
(between  £i  and  F)  in  dispersion. 
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On  allowing  the  apparatus  to  stand  24  hours  after  cooling,  the 
value  of  2E  was  found  to  be  permanently  reduced  by  somewhat  over 
half  a  degree,  as  the  effect  of  the  heating, 

Amriionium  Zinc  Sulphate,  {^M^.^Znl^O^^j^H.f). 

An  estimation  of  zinc  in  a  sample  of  the  crystals  employed  afforded 
the  following  result  :  1*0577  grams  of  crystals  gave  0*2122  gram  of 
zinc  oxide,  corresponding  to  16-10  per  cent,  of  zinc,  the  calculated 
percentage  being  16-21. 

Goniometry. 

Ten  selected  crystals  were  measured  belonging  to  five  different  crops 
carefully  chosen  from  the  very  numerous  crops  prepared. 

Katio  of  axes  :  a:h  :  c  =  0-7368  :  1  :  0-4997. 

Axial  angle:  ;8  =  73°8'. 

Habit :  Thick  prismatic  to  tabular. 

Forms  observed  :  5  =  {010}oo  i?oo  ,  c  =  {001jo/^  jo  =  {110}ooP, 
^-{011}^oD,  o  =  {\U]-P,  o'  =  {Tll}  +  P, 
n  =  {\2\]-2P2,r'  =  {20l}  +  2Pcc. 

The  table  on  pp.  1141,  1142  exhibits  the  results  of  the  measurements. 

The  measured  crystals  represented  vei-y  fairly  the  varied  types 
found  among  all  the  crops  prepared,  and  three  characteristic  specimens 
are  figured  in  the  illustrations  (Figs.  5,  6,  and  7).     In  the  type  repre- 


Fig.  5. 


Fig.  7. 


sented  in  Fig.  5,  the  habit  is  clearly  prismatic  along  the  prism  zone, 
and  not  only  are  there  large  faces  of  the  primary  pi-ism  ^;{1 10},  but  also 
tolerably  large  faces  of  the  clinopinacoid  5 {010}.  It  is  further  dis- 
tinguished by  the  approximately  equal  development  of  the  basal 
plane  c[001}  and  clinodome  g'jOll}. 

The  type  shown  in  Fig.  6  is  much  flatter  owing  to  the  shorter  rela- 
tive development  of  the  primary  prism.  It  shows  only  strips  of  the 
clinopinacoid  faces,  but  relatively  large  faces  of  the  clinodome,  being, 
in  fact,  prismatic  after  this  form.  It  is  further  characterised  by  an 
unusually  large  development  of  the  faces  of  the  hemi-pyramid  o'(Ill). 
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The  third  type  illustrated  in  Fig.  7  is  distinguished  by  the 
relatively  large  development  of  the  basal  plane,  and  owing  to  the 
shortening  of  the  primary  prism  zone  is  almost  tabular  along  the 
basal  plane. 

The  relative  development  of  the  orthodome  /{201}  faces  also 
varies  from  that  of  Fig.  6  to  that  of  Fig.  7.  No  faces  of  the 
orthopinacoid  were  ever  observed.  Small  faces  of  the  primary  hemi- 
pyramid  0(111}  were  observed  on  two  of  the  crystals  measured,  and 
an  excellent  face  of  the  hemipyramid  n{121}  was  exhibited  by  one  of 
the  larger  crystals  employed  in  the  optical  work. 

Several  of  the  measured  crystals  afforded  perfect  images  from  both 
clinopinacoid  faces,  all  four  clinodome  faces,  all  four  primary  prism 
faces,  and  both  r  orthodome  faces.  Four  of  them  also  gave  perfect 
single  images  from  the  basal  plane  faces,  situated  precisely  as  they 
should  be,  midway  between  the  q  images.  Some  of  the  others  exhibited 
striking  instances  of  a  pair  of  images  from  two  vicinal  faces  replacing 
the  basal  plane,  as  described  under  ammonium  magnesium  sulphate. 
Where  any  ambiguity  of  this  kind  was  experienced,  the  half  of  the 
angle  between  the  two  q  images  was  taken  as  representing  the  value 
of  cq,  for  the  q  images  were  always  excellent  in  the  crystals  measured 
and  absolutely  correctly  placed.  These  half  values  of  qq  were  always 
practically  identical  with  the  values  of  cq  measured  in  the  cases  of  the 
crystals  exhibiting  perfect  c  images. 


Morphological    Angles   of  Ammonium    Zinc    Sulpliate. 


No.  of 

Ai 

gle  measured. 

measure- 
meuts. 

im 

=  (100)  :  (001) 

_ 

as 

=  (100)  :(101) 

— 

sc 

=  (101)  :  (001) 

— 

cr' 

=  (001)  :  (201) 

16 

cs' 

=  (001)  :  (101) 

s'r' 

=  (101):  (201) 

r'a 

=  (201)  :  (100) 

— 

Wc 

=  (201)  :  (001) 

16 

ap 

=  (100)  :(110) 



VP' 

=  (110)  :  (120) 

— 

- 

p'b 

=  (120) :  (010) 

— 

pb 

=  (110)  :(010) 

36 

PP 

=  (110)  :(110) 

17 

(cq 

=  (001)  :(011) 

39 

1 

igb 

=  (011)  :  (010) 

39 

Limits. 


64°51'—  64°59' 


115    0—115  10 


54  40 
70  IS 


25  26 
64  22 


54  54 
70  34 


25  37 
64  36 


Mean 
observed. 

Calculated. 

73°  8' 



44  40 



28  28 

64°54' 

64  56 



38  55 

_ 

26    1 



41  56 

115    6 

115    4 

_ 

35  13 



19  28 

■         _ 

35  19 

{      54  47 

* 

70  27 

70  26 

:      25  33 

* 

1       64  27 

64  27 

Diff. 


1142 


TUTTON:   THE    RELATION   OF 


MorpJwlogical  Angles  of  Ammonium  Zinc  SuljyJiaie  (continued). 


No.   of 

Mean 
observed. 

Angle  measured. 

measure- 
ments. 

Limits. 

CalcuLated. 

• 

Dilf. 

lao     =(100):  (111) 

47°52' 

oq     =(111):  (Oil) 

— 

— 

— 

26  57 

— 

i 

aq    =(100)  :  (Oil) 

— 

— 

— 

74  49 

— . 

qo'    =(011)  :(111) 

— 

— 

— 

35    5 

_ 

\o'a    =(111)  :  (100) 

— 

— 

70    6 

— 

rco     =(001):  (111) 

5 

34°  0'—  34°  4' 

U',' 

33  57 

5 

op     =(111):  (110) 

3 

42  12—  42  17 

42  15 

42  20 

5 

rp     =(001):  (110) 

39 

76    8—76  23 

76  17 

* 

— 

\po'    =(110)  :(111) 

21 

58  34  —  58  50 

58  40 

58  38 

2 

\o'c    =(111):  (001) 

20 

44  57—  45    9 

45    3 

45    5 

2 

Vpc     =(110) : (001) 

39 

103  36  —103  50 

103  43 

103  43 

0 

Cbn     =(010):  (12]) 
]iw     =(121):  (111) 



54  57 

54  54 

3 

— 

15  50 

15  45 

5 

\ho     =(010):  (111) 
\os     =(111):  (101) 

— 

— 

70  39 

— 

— 

— 

— 

19  21 

(h/    =(01C)  :  (111) 
JoV    =(111)  :(101) 
[oV   =(111)  :  (111) 

05    7—65  12 

65    9 

65    9 

0 

— 

— 

— 

24  51 

_ 

49  43 

49  42 

1 

(sq     =(101):  (Oil) 





_ 

37  31 

_ 

_  qp    =(011)  :  (110) 

38 

87  52—  88  12 

88    1 

88    0 

1 

ps     =(110):  (101) 

— 

— 

— 

54  29 

— 

\.pq     =(110):  (Oil) 

38 

91  51—  92  12 

91  59 

92    0 

1 

f^'q     =fT01):(011) 

__ 





45  25 

_ 

qn     =(011)  :  (121) 

1 

— 

2G  17 

26  15 

2 

np    =(121)  :  (110) 

1 

— 

36  14 

36  12 

2 

'  qp     =(011):  (110) 

37      - 

62  20—  02  34 

62  27 

62  27 

0 

p^'    =(110)  :(101) 

— 

— 

— 

72    8 

_ 

\pq     =(110):  (Oil) 

37 

117  27—117  30 

117  33 

117  33 

0 

fr'o'   =(201)  :  (111) 

19 

35  14—  35  34 

35  24 

35  22 

2 

\o'p    =(111):  (110) 

21 

91  52—92    8 

92    1 

92    4 

3 

\pr'    =(110)  :v(201) 

29 

.    52  27  —  52  45 

52  36 

52  34 

2 

\r'p    =(201)  :  (110) 

28 

127  15—127  33 

127  24 

127  26 

2 

Total  number  of  measurements  :  547. 


Murmann  and  Kotter  {^oc.  cit.)  found  ao  (/3)  =  73°10',  cr'=64°4r, 
pb  =  54°46',  pp  =  70°29',  cq  =  25°1 7',  cp  =  76°26',  po'  =  58°43',  o'c  =  44°45', 
and  P7-'  =  52°30',  and  for  the  axial  ratio,  a:b:c  =  0-7375  :  1  :  0  :  5009. 

Cleavage. — Tlie  cleavage  parallel  to  r'  {201}  common  to  the  series 
is  well  developed  in  this  salt. 
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Volume. 
Relative  Density. 
The  pycnometer  method  :  The  suspension  method  : 


For  2074°. 

For  16-874°    1-9345  1-9339 

For  17-574°  1-9308  1-9303 

For  15-874°  l-9'324  1-9316 

For  10-374'  1-9325  1-9318 

Mean 1-9319 

The  value  accepted  for  2074°  is  therefore  1-932. 

Previous  results  are  :  Playfair  and  Joule  [Mem.  Chem.  >S'oc.,  1845, 
2,  401),  1-897;  Scliiff  (Ann.  Chem.  pharm.,  1858,  107,  64),  1-910; 
Schroder  (/.;«•.  Chem.,  1879,  [ii],  19,  266),  1-919,  1-921,  and  1925; 
Perrot  {Arch.  Sci.  j^hys.  nat.,  1891,  25,  26),  1-931.  This  last  very  trust- 
worthy value  is  satisfactoi-ily  close  to  the  value  now  given. 

Molecular  Volume. — —= ^  =  206-38. 

d       1-932 


Weight  of 

Sp.  -r. 

salt  employed. 

at  2074 

5-1502 

1-9294 

4-5449 

1  -9300 

5-6138 

1-9290 

5-4968 

1-9303 

Mean.... 

.     1-9297 

Topic  Axes.—x  '•  f  :  w-  6-1648  :  8-3670  :  4-1810. 


Optics. 

Orientation  of  Axes  of  Optical  Ellipsoid. — The  optic  axes  lie  in  the 
symmetry  plane ;  the  sign  of  double  refraction  is  positive. 

Two  section-plates  ground  parallel  to  the  symmetry  plane  gave  the 
following  angles  of  extinction  : 

Section  1 9°50'  behind  the  normal  to  c(OOl). 

„       2 9°57' 

Mean...9°53' 

This  direction  of  extinction  is  the  second  median  line,  which,  as 
the  angle  /3  of  the  axes  ac  lias  been  shown  to  be  73°8',  is  consequently 
inclined  6°59'  to  the  vertical  morphological  axis  c.  Both  median 
lines  lie  in  the  obtuse  angle  ac,  and  the  first  median  line  is  inclined 
9°53'  to  the  axis  a. 

Murmann  and  Rotter  give  8°33'  behind  the  normal  to  (001)  as  the 
direction  of  the  second  median  line. 

Refractive  Indices. — Six  excellent  prisms  were  ground  so  as  to 
yield  directly  two  refractive  indices  each.     The  results  are  as  under  : 
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Refractive  Indices  of  Ammonium  Zinc  Sulphate. 


Index. 

a. 

Vibrations 

parallel  to 

2nd  median 

line. 


Vibrations 
parallel  to 
symmetry 


7- 

Vibrations 

parallel  to 

1st  median 

line. 


Nature  of  Prisms 
light.       1  and  2. 


Li 

C 

Na 

Tl 

F 

G 

Li 

C 

Na 

Tl 

F 

G 

Li 

C 

Na 

Tl 

F 

G 


1-4859- 
1-4863- 
1-4887- 
1-4915- 
1-4948- 


1-4992—2 


898 


1-4901 
1-4905—2 
1  •4931-29 

1-4958-7 

1-4992—87 

1-5037—5 


Prisms 
3  and  4. 


1-4895—905 

1-4899—908 

1-4925—35 

1-4952—62 

1-4984—95 

1-5032-42 

1  -4957—65 

1-4962-9 

1-4989-97 

1-5016-24 

1-5049—59 

1-5099—105 


Prisms 
5  and  6. 
1-4859—9 
1-4862-3 
1-4889—8 
1-4915—6 
1-4947—8 
1-4991—4 


1-4964—4 
1-4968—7 
1-4995—4 
1-5022-3 
1  -5055—5 
1-5102—2 

Mean  of  a,  fi,  and  y  for  Na  light  =  1  -4937. 


Mean 
index. 


4858 
4862 
4888 
4914 
4947 
4992 

4900 
4904 
4930 
4957 
4990 
5036 

4963 
4967 
4994 
5021 
5056 
5102 


Perrot's 
values. 


1-4862 
1-4890 


1-4946 
1-4987 


1-4904 
1-4934 


1-4993 
1-5041 


1-4971 
1-4996 


1-5056 
1-5103 


It  will  be  observed  that  the  author's  values  agree  very  closely  with 
those  obtained  by  Perrot,  who  employed  the  method  of  total  reflection, 
using  the  Soret  refractometer.  It  is  interesting  and  important  that 
this  should  be  so,  for  the  following  reason.  Hitherto  the  method  of 
minimum  deviation  with  the  aid  of  prisms  has  only  been  partially 
available,  that  is,  as  far  as  naturally  formed  prisms  permitted  (supple- 
mented in  the  work  of  Topstie  and  Christiansen  by  prisms  ground  on  a 
glass  plate  by  hand) ;  consequently  Perrot  chose  the  method  of  total 
reflection,  which  requires  only  plates  of  the  crystals.  The  author, 
being  able  with  the  aid  of  the  cutting  and  grinding  goniometer  {Phil. 
Trans.,  1899,  A,  192,  457)  to  obtain  with  the  greatest  ease  60°  prisms 
having  each  the  theoretical  orientation  to  afford  two  indices,  even  with 
salts  of  such  complicated  (monoclinic)  symmetry  as  those  of  this 
series,  has  employed  the  method  of  minimum  deviation,  and  it  is  highly 
satisfactory  to  have  so  admirable  an  example  of  the  total  reflection 
method  with  which  to  compare  the  results  as  is  afforded  by  Perrot's 
careful  measurements.  The  limitations  imposed  by  hand-grinding 
only  enabled  Topsbe  and  Christiansen  to  prepare  prisms  affording  the 
)8  index  directly,  and  it  has  been  shown  that  their  values  of  a  and  y 
indices  are  generally  less  accurate  in  consequence. 

The  following  formula  expresses  the  value  of  the  intermediate 
refx-active  index  /3  for  any  wave-length  X,  corrected  to  a  vacuum  : 

/?-l-4784  +  ^^^  612_2  356  900  OOP  000^ 
A  A 
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The  a  indices  are  also  reproduced  by  the  formula  if  the  constant 
14784  is  diminished  by  0-0042,  and  the  y  indices  if  the  constant  is 
increased  by  0-0064. 

Alteration  of  Refraction  by  Rise  of  Temperature. — Two  of  the 
prisms  affording  respectively  a  and  /3,  and  a  and  y,  were  employed  for 
determinations  at  70°,  and  the  results  are  embodied  in  the  accompany- 
ing table. 


Refractive  Indices  of  Ammonium  Zinc  Sulphate  at  70°. 

Nature  of  light.  a.  /3.  7. 

Li 1-4845  1-4883  1-4944 

C   1-4849  1-4887  1-4948 

Na 1-4874  14914  1-497C 

Tl 1-4902  1-494-2  l-f.003 

F    1-4935  1-4975  1-5037 

These  values  show  a  diminution  from  those  for  the  oidinary  tem- 
perature of,  on  the  average,  0-0013  for  a,  0-00 IG  for  /?,  and  0-0019 
for  y. 

Axes  of  the  Optical  Ellipsoids. — These  work  out  as  under  : 

Axes  of  optical  indicatrix  :  a  :/?  :  y  =  0-9972  :  1  : 1-0043. 
Axes  of  optical  velocity  ellipsoid  :  a  :  b  :  t  =  r0028  : 1  :  09957. 

Molecular  Optical  Constants. — These  values  calculated  with  the  aid 
of  tlie  density  afforded  by  the  suspension  method,  are  as  under  : 

Axis  of  optical  indicatrix a  ^  y 

0-1497  0-1514 


Specific  refraction,  ^|i-l^:=n  {g    ^^'.^f^c 


1520  0-1532  0-1549 

,r  1      ,         f      ,.        ,.  -  1     M  iC  59-27  59-71  60-36 

Molecular  refraction,  --, — -  .       =.  m    ...\7,  ^^.^'  „, .[,-  „, ... , 

71-  +  2      d  l^  60  62  610/  61-/4 

Specific  dispersion,  Jto  -  n^,    0-0033  0-0035  0-0035 

Molecular  dispersion,  tn^j  -  lltj^, 135  1-36  1-38 

Molecular  refraction,  ^-:iij/. C  100-34  10r21  102-51 

d 

Optical  Axial   Atigle. — Three   good    pairs   of   section    plates    were 

!  obtained  by  grinding,   perpendicular  to  the  first  and   second  median 

i  lines.     The  rings  were  very  small  and  the  brushes  exceptionally  sharp 

j  and  clearly  defined.     The  measurements  in  a-bromonaphthalene  were 

consequently  remarkably  delicate.     The  measurements  of  the  angle  in 

air,  however,  were  rendered  somewhat  difiicult  on  account  of  the  large 

size  of  the  angle  ;  sections  1  and  3  afforded  very  trustworthy  values 

iof  it,  t.it  section  2  was  too  narrow  in  comparison  with  its  length  to 

permit  the  brushes  to  emerge  completely,  owing  to  the  necessity  at  the 

same  time  for  some  considerable  thickness  of  section  imposed  by  the 

feeble  double  refraction. 
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Determination  of  Apparent  Angle  in  Air  of  Ammonium  Zinc  Suljjhate. 

Light.                Section  1.                Section  3.  Mean  2E. 

Li  143°30'                     143"55'  143°43' 

C    143  39                      144  13  143  56 

Ka 144  28                      144  54  144  41 

Tl 145  12                      145  45  145  29 

F  146  0                        146  31  146  16 

Determination  of  True  Optic  Axial  Angle  of  Ammonium  Zinc  Sulpjhale. 

Kg.  of  No.  of 

section       Observed        section        Observed  Calculated      Mean 

perp.  1st        values       perp.  2nd        values  values          value 

Light,    median  lino,    of  2IIa.    median  line,     of  2Ho.  of  2Va.        of2A''u. 

1               69"55'              \a              88°10'  78°5 

Li I      2              69  50              2«              88  10  78  54      V     l^^bl 

3  70    1  3«  88  13 


78°57'  ) 

78  54  \ 

79  0  J 

78  57  ) 

78  55  V 

79  1  J 

{      1              69  43              1«              87  50              78  58  ^ 

-^2               69  37               2«               87  44               78  58  [ 

(3               69  42               3«.               87  40               79    3  J 

t] 


1  69  53  \a  88    8 

C  {      2  69  49  2«  88    6               78  55      ^     78 

3  69  58  3rt  88    6 

1  69  43  1«  87  50 

Na    ...-!      2  69  37  2a  87  44               78  58      \      79    0 


(1  69  22  Irt.  87  18  79 

Tl \      2  69  17  2rt  87  12  79    0      ]-     79    2 

(3  69  25  3rt  87  13  79 


11  68  55  la  86  38  79    2 

F \      2  68  50  2a  86  33  79    1       ^     79    3 

(3  68  56  3«  86  32  79    6 


Mm-manij  and  Eotter  found  141°45'  for  the  angle  in  air  and  78°35' 
for  the  true  angle. 

Perrot  found  142°30'  for  the  apparent  angle  in  red  light,  and 
79°12'  for  the  true  angle  in  the  same  colour. 

Dispersion  of  the  Median  Lines. — Sections  1  and  3  were  examined 
in  toluene,  the  refractive  index  of  which  is  very  close  to  the  mean 
index  of  the  crystals.  In  both  cases  the  first  median  line  was  found 
to  be  10'  nearer  to  the  morphological  axis  a  for  red  lithium  light  than 
for  greenish-blue  F  hydrogen  light. 

Effect  of  Rise  of  Temperature  on  the  Optic  Axial  Aiigle.- — On  heating 
a  section  plate  perpendicular  to  the  first  median  line,  the  apparent 
angle  in  air  is  observed  to  diminish  slightly.  The  following  values 
were  obtained  with  section  1  for  the  temperature  of  75°  (corrected  for 
conduction  of  the  crystal  holder). 

2E  at  75^ 

For  C  light    138°  7' 

,,    Na  ,,        138  42 

,,    Tl    „        139  11 
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The  diminution  between  15°  and  75°  is  thus  seen  to  be  about  6°. 

After  cooling  24  hours  the  angle  for  sodium  light  was  found 
to  be  nearly  a  degree  larger  (1 45^^20')  than  it  was  before  the 
heating. 

Ammonium  Magnesium  Selenate,  (NlI^).2Mg(Se04)2)6HoO. 

The  result  of  an  estimation  of  the  magnesium  in  a  sample  of  the 
crystals  employed  was  as  follows:  1-2081  grams  of  crystals  affoi-ded 
0'3062  gram  of  magnesium  pyrophosphate;  this  corresponds  to  5'48 
per  cent,  of  magnesium,  the  theoretical  percentage  being  5-29. 

Goniometry. 

Ten  crystals  were  chosen  out  of  six  specially  good  crops. 
Katio  of  axes  :  a:h:c  =  0-7420  : 1  :  0-4966. 
Axial  angle:  /3  =  73°33'. 

Habit :  prismatic  along  the  prism  zone,  to  tabular  along  the  basal 
plane. 

Forms      observed:      6  =  {OlOjoo  iRoo ,      c  =  {00i}oP,      ;;  =  {110J-^P, 

ry  =  {01l}i?a5,  o'  =  {Tll}+P,  »•'  =  {201} +  2:^00. 

The  table  on  page  1149  shows  the  results  of  the  measurements. 

This  salt  readily  yields  perfectly  transparent  and  very  well  formed 
crystals,  which  under  certain  circumstances  may  attain  an  inch  in 
diameter,  without  exhibiting  any  appreciable  distortion  of  the  plane- 
ness  of  the  faces. 

Several  of  these  large  crystals,  which  were  obtained  by  placing  the 
crystallising  vessels  (small  flat-bottomed  beakers)  inside  a  high 
rectangular  glass  case  nearly  a  yard  long,  afforded  excellent  material 
for  the  preparation  of  section  plates  and  prisms  of  such  ample  propor- 
tions as  enabled  them  not  only  to  be  employed  equally  with  the 
smaller  ones  for  the  optic  axial  angle  measurements,  but  also 
rendered  them  admirable  for  the  projection  of  the  specially  beautiful 
interference  figures  with  the  lantern  polariscope. 

Usually  only  four  crystallising  vessels  were  placed  in  the  case  at 
one  time,  each  equidistant  from  the  centre  and  a  corner  of  the  base. 
At  the  centre  was  placed  a  dish  of  oil  of  vitriol  which,  as  the  case  was 
fairly  tightly  fitting  on  its  plinth,  absorbed  the  evaporated  water 
vapour  as  fast  as  it  was  liberated.  The  base  was  covered  with  velvet 
to  prevent  conduction  through  the  wood  from  the  bottom  of  the  crystal- 
lising vessels,  and  the  case  itself  was  further  screened  from  draughts 
in  the  centre  of  the  crystallising  room,  and  thus  sudden  alterations  of 
temperature  avoided.  The  solutions  so  protected  attained  a  consider- 
able amount  of  supersatiiration   before  depositing  crystals,  and  the 

4  G  2 


1148 


TUTTON:   THE   RELATION    OF 


latter  then  grew  uninterruptedly  in  a  few  days  to  the  size  already 
indicated,  entirely  under  normal  atmospheric  pressure. 

The  crystals  of  this  salt  are,  however,  generally  of  a  very  simple 
character,  no  faces  having  been  observed,  with  one  imperfect  exception, 
other  than  the  six  above-mentioned  simple  forms.  The  clinopinacoid 
ijOlO}  is  usually  present,  and  its  faces  are  frequently  relatively  large ; 
they  invariably  afforded  in  the  cases  of  the  measured  crystals  excellent 
reflections  of  the  signal.  The  orthopinacoid  was  never  observed.  The 
basal  plane  c{001J  was  frequently  so  largely  developed  as  to  impart  to 
the  crystal  the  tabular  character  exemplified  in  Fig.  8.  Equally 
often,  however,  the  faces  of  the  basal  plane  were  relatively  less,  and 
a  prismatic  character  impi-essed  on  the  crystal  by  the  elongation  of  tlie 


Fig.  8. 


T 
Fig.  9. 


faces  of  the  primary  prism  ^){110},  as  shown  in  Fig.  9.  The  latter 
were  particularly  free  in  the  case  of  this  salt  from  the  striation  and 
distortion  due  to  vicinal  faces.  In  most  instances  the  images  obtained 
during  the  measurements  were  perfect. 

The  faces  of  the  basal  plane  often  exhibited  the  vicinal  face  pheno- 
menon, but  the  values  of  the  angle  cq  were  rendered  quite  trustworthy 
owing  to  the  singular  perfection  of  the  faces  of  the  clinodome 
^{011}  and  the  bi-illiant  definition  of  the  images  derived  from  them, 
symmetrically  on  either  side  of  the  basal  plane.  The  relative  develop- 
ment of  the  faces  of  the  forms  r'{201}  and  o'{lll}  varied  as  illustrated 
in  the  two  figures.  On  one  crystal  a  rough  face  of  the  form  s[  101} 
was  observed,  but  the  reflection  from  it  was  too  imperfect  for  accurate 
allocation  to  the  cross-wires. 
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Morphological  Angles  of  Atmnonium  Magtiesium  Selenate. 


Angle  measured. 

No.  of 
measure- 
ments. 

Limits. 

Mean  ob- 
served. 

Calculated. 

Dill. 

/  cm  =(100)  :  (001) 

_ 

_ 

_ 

73°33' 

_^ 

.  as  =(100) 

(101) 

— 

— 

— 

45  12 

— 

sc    =(101) 

(001) 

— 

— 

— 

28  21 

— 

cr'  =(001) 

(201) 

18 

64°  7'—  64°26' 

64°15' 

64  11 

4' 

1    cs'  =(001) 

(101) 

— 

— 

— 

38  22 

— 

sV=(101) 

(201) 

— 

— 

— 

25  49 

— 

r'a=(201) 

(TOO) 

— 

— 

— 

42  16 

— 

V  r'c  =(201) 

(001) 

18 

115  37—115  50 

115  45 

115  49 

4 

f  ap  =(100)  :  (110) 

_ 





35  26 



pp'^iUQ)  :(120) 

— 

— 

— 

19  28 

— 

-    /6  =(120)  :  (010) 

— 

— 

— 

35    6 

— 

ph  =(110)  :  (010) 

43 

54  25  —  54  42 

54  34 

* 

— 

\  pp  =(110)  :  (110) 

21 

70  44—71     1 

70  52 

70  52 

0 

r  cq   =(001):  (Oil) 
\  qb  =(011)  :  (010) 

38 

25  22  —  25  37 

25  29 

* 

_ 

38 

64  22  —  64  39 

64  31 

64  31 

0 

■  ao  =(100)  :  (111) 

_ 



_ 

48  21 

_ 

oq  =(111):  (Oil) 

— 

— 

— 

26  51 

— 

-     aq  =(100)  :(011) 

— 

— 

- 

75  12 

— 

qo'  =(011)  :(111) 

— 

— 

— 

34  38 

— 

o'«=(lll)  :  (100) 

— 

— 

70  10 

— 

f  CO   =(001)  :(111) 

— 

_ 



33  54 

__ 

op  =(111)  :(110) 

— 

— 

— 

42  46 

— 

cp  =(001)  :  (110) 

38 

76  31  —  76  48 

76  40 

« 

— 

po'  =(110)  :  (111) 

19 

58  37  —  58  53 

58  45 

58  44 

1 

o'c  =(111)  :  (001) 

19 

44  28  —  44  43 

44  36 

44  36 

0 

pc  =(110)  :(001) 

38 

103  11  —103  28 

103  20 

103  20 

0 

r  ho  =(010)  :(111) 



_ 



70  35 

_ 

\  OS   =(111)  :(101) 

— 

— 

19  25 

— 

r  6o'  =(010)  :  (111) 

6 

65  13  —  65  19 

65  16 

65  16 

0 

]    oy={lll)  :  (101) 

— 

— 

24  44 

— 

y  oV  =  (lll)  :(111) 

3 

49  27  —  49  29 

49  28 

49  28 

0 

{  sq  =(101)  :(011) 

_ 



37  24 



1   qp  =(011):  (110) 

37 

87  31  —  87  51 

87  39 

87  38 

1 

1  ps  =(I10)  :(101) 



_ 

54  58 

_ 

I  pq  =(110):  (Oil) 

37 

92    9  —  92  30 

92  20 

92  22 

2 

•  s'q  =(101)  :  (Oil) 

_ 

_ 



44  57 

qp  =(011)  :  (110) 

38 

62  40  —  62  54 

62  46 

62  46 

"o" 

ps'  =(110)  :  (101) 

— 

— 

— 

72  17 

— 

\pq  =(110)  :(011) 

38 

117    5—117  24 

117  14 

117  14 

0 

[  /o'  =  (201)  :  (111) 

17 

35    4—35  16 

35  10 

35    9 

1 

I    o'p  =(IU)  :(110) 

18 

91  48—92    0 

91  53 

9156 

3 

1   pr'  =(110)  :  (201) 

36 

52  49—53    1 

52  55 

52  55 

0 

I  r>=(201) 

:  (110) 

35 

126  58  —127  13 

127    5 

127    5 

0 

Total  number  of  measurements  :  555, 
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Topsoe  and  Christiansen  {loc.  cit.,  p.  73)  give  ac{/3)  =  7 S°2^' , 
jo;?  =  (110):(lT0)  =  70°47',  and  g^  =  (Oil  :  011)-50°55'.  Also  for  the 
axial  ratio  a:b:c  =  0-7414  : 1 : 0-4968. 

Cleavage. — The  cleavage  common  to  the  aeries  parallel  to  r'{201}  is 
excellently  developed. 

Volume. 

Relative  Density. 

The  pycnometer  method  :  The  suspension  method  : 


Weight  of 

Sp.  gr. 

salt  employed. 

at  2074°. 

For  2074 

4-1228 

2-0562 

For  16 -374° 

2-0584 

2-0577 

3-7058 

2-0593 

For  17-574° 

2-0572 

2-0567 

6-7304 

2-0556 

For  18-474°..... 

2-0589 

2-0586 

5-7926 

2-0566 

For  16-174° 

2-0585 

2-0577 

Mean  2-0569 

Mean 

.  ..     2-0577 

The  true  value  for  20°/4°  is  therefore  taken  as  2-058. 
Topsoe  {Bull.   Soa.   Chim.,   1873,    19,    246)  found  the  sp.  gr.  of  a 
specimen  2-035. 

Molecular    Volume. — —  =  =  219-42. 

d  2-058 

Topic  Axes.—x :  i/' :  w  =  6-3299  :  8-5310  :  4-2365. 

Optics. 

Orientation  of  Axes  of  Optical  Ellipsoid. — The  symmetry  plane  is 
the  plane  of  the  optic  axes ;  the  sign  of  the  double  refraction  is 
positive. 

Two  section  plates  ground  parallel  to  the  symmetry  jilane  gave  the 
following  extinction  angles  : 

Section!      16°15'     behind  the  normal  to  c(OOl). 

„       2     16°13'  „  „  c(OOl). 


Mean     16°14' 

Topsoe  and  Christiansen  give  for  the  same  angle  [a  :  (001)],  17°7'. 

This  extinction  direction  is  the  second  median  line  ;  it  is  nearly 
coincident  with  the  vertical  morphological  axis  c,  being  only  13'  in 
front  of  it.  The  first  median  line  is  similarly  nearly  normal  to  the 
orthopinacoid  a{100},  and  is  inclined  16°14'  to  the  axis  a.  Both 
median  lines  thus  lie  in  the  obtuse  angle  of  the  morphological  axes  ac. 

Refractive  Indices. — Six  particularly  good  prisms,  each  ground  so  as 
to  afford  two  indices  directly,  gave  the  following  results  : 
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Refractive  Indices  of  Ammonium  Magnesium  Selenate. 


Index. 

a 

Vibiations 

parallel  to 

second  median 

line. 


Vibrations 

parallel  to 

symmetry 

axis. 


y 

Vilirations 

parallel  to 

first  median 

line. 


Nature 

Values  of 

of 

Prisms 

Prisms 

Prisms 

Mean 

Topsiio  and 

light. 

1  and  2. 

3  and  4. 

5  and  6. 

index. 

Christiansen 

r  Li 

1-5035—3 

1-5033-3 



1-.5034 

— 

0 

1-5040—37 

1-5037-7 

_ 

1-5038 

— 

Na 

1-5072—0 

1  -5069—70 

— 

1-5070 

1-5056 

'     Tl 

1-5106—4 

1-5103-2 

— 

1-5104 

— 

F 

1-5147—3 

1-5144—3 



1-5144 



V  G 

1-5206-6 

1-5205—3 

— 

1-5-205 

— 

(  ^' 

1-5057—2 



1  -5058—6 

1-5056 



^' 

1-5061—57 



1-5062—1 

1  -5060 

1-5046 

1    Na 

1-5094-89 

_ 

1-5097—3 

1  -5093 

1-5075 

Tl 

1-5127—3 

_ 

1-5128—6 

1-5126 

— 

F 

1-5167—3 



1-5169—5 

1-5166 

1-5146 

V  G 

1-5227—6 

— 

1-5229—6 

1-5227 

— 

r  Li 



1-51-29—8 

1-5136—3 

1-5132 



C 

_ 

1-5134-4 

1-5140-36 

1-5136 

— 

Na 

— 

1-5166—7 

1-5173-69 

1-5169 

1-5150 

"     Tl 

— 

1-5200-0 

1-5205-3 

1-5-202 

_ 

F 

— 

1-5240-0 

1-5248—1 

1-5242 

— 

I  G 

— 

1-5305-1 

1-5309—5 

1-5305 

— 

Mean  of  a,  0,  and  y  for  Na  light  =  1-5111. 

Topsoe  and  Christiansen's  values,  given  in  the  last  column,  do  not 
agree  as  well  as  usual  with  the  author's  values ;  only  their  yS-values 
were  directly  determined.  The  disagreement  would  appear  to  be  due 
to  their  salt  containing  admixed  sulphate,  for  their  value  for  the 
density  of  the  salt  has  also  been  shown  to  be  much  too  low. 

The  following  formula  represents  the  value  of  the  /3-index  for  any 
wave-length  and  corrected  to  a  vacuum,  absolutely  as  far  as  the  green 
thallium  line,  and  approximately  beyond  that  : 


)8=  1-4896  + 


830  626 


4  613  500  OOP  OOP 


The  a-indices  are  equally  well  reproduced  by  the  formula  if  the 
constant  1-4896  is  diminished  by  0-0022,  and  the  y-indices  if  the 
constant  is  increased  by  0-0P76. 

Alteration  of  Befractlon  by  Rise  of  Temiierature. — The  refractive 
indices  were  determined  at  7P°  with  the  aid  of  two  of  the  prisms, 
furnishing  respectively  a  and  y,  and  ^  and  y. 


Refractive  Indices  of  Ammonium  Magnesium  Selenate  for  7P°. 

Nature  of  light.  a.                             ^.                             y. 

Li 1-5025  1-5040  1-5116 

('    1-5029  1-5044  1-51-20 

Na 1-5062  1-5076  1-5153 

Tl 1-5095  1-5108  1-5187 

F  1-5135  1-5148  1-5227 
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These  indices  are  lower  than  the  ordinary  temperature  values  by  an 
average  of  0-0009  for  a,  0001 7  for  ji,  and  0-0016  for  y. 

Whilst  the  relative  difference  between  fi  and  y  remains  substantially 
the  same  (00077),  the  separation  of  a  and  /?  becomes  reduced  to 
0-0014.  This  relative  approach  of  a  and  y8  indicates  a  considerable 
diminution  of  the  optic  axial  angle  with  rise  of  temperature,  and  such 
will  subsequently  be  shown  to  be  the  fact. 

Axes  of  the  Optical  Ellij)Soids. — 

Axes  of  optical  indicatrix  :— a  :  iS  :  y  =  0-9985  :  1  :  10050. 
Axes  of  optical  velocity  ellipsoid  : — a  :  b  :  t  =  1-0015  :  1  :  09950. 

Molecular  Optical  Constants. — The  calculated  values  of  these 
constants,  using  the  density  as  given  by  the  suspension  method,  are  as 
follows  : 

Axis  of  optical  indicatrix a.  j8.  y. 

Specific  refraction,  -^^ — -—  =  n   i  r,     ^ . 

(nr  +  2)d  l^     0 

Molecular  refraction,  ^V^.     ',=  111    ■■■  \  n  rh 

Specific  dispersion,  Hq  -  n^,    0 

Molecular  dispersion,  ittg  -  tltj, 1 

Molecular  refraction,  '-^Jf C  110 


OjJtic  Axial  Angle. — The  results  of  measurements  with  the  three 
pairs  of  section  plates  perpendicular  to  the  two  median  lines  are  as 
follows  : 


Determination  of  Apparent  Angle  in  Air  of  Ammonium    Magnesium 
Selenate. 

Light.               Section  1.  Section  2.  Section  3.  Mean  2E. 

Li   87°52'  88°14'  88°31'  88°12' 

C     87  50  88  13  88  30  88  11 

Na 87  42  88    7  88  24  88    4 

Tl  87  25  87  57  88  16  87  53 

F    87    1  87  30  87  45  87  25 


•1438 

0-1444 

0-1462 

•1478 

0-1484 

0-1502 

•95 

65-19 

66-01 

-75 

66-99 

67-83 

•0040 

0-0040 

0-0040 

•80 
Vn-l 

1-80 
1 1 1  •O'?, 

1-82 
11-^ -69 
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Determination  of   True  0})tic  Axial  Angle  of  Ammonium  Magnesium 
Selenate. 


Light. 


No.  of 

No.  of 

section 

Observed 

section 

Observed 

Calculated 

Mean 

perp.  1st 

values 

perp.  2nd 

values 

values 

value 

it.     median  line 

of  2Ha. 

median  line 

of  2 Ho. 

of  2Va. 

of  2Va 

I 

1 

49°46' 

la 

108°54' 

54°43' 

1 
J 



2 

49  46 

2a 

107  53 

55    0 

54°57' 

\ 

3 

49  51 

3ff 

107  38 

55    8 

\ 

49  44 

la 

108  46 

54  42 

1 

49  43 

2a 

107  48 

54  58 

54  55 

) 

49  47 

3a 

107  32 

55    6 

I 

49  24 

la 

108  20 

54  32 

1 

49  25, 

■2a 

107  22 

54  50 

\ 

54  47 

\ 

49  29 

•ia 

107    0 

55    0 

J 

) 

48  57 

la 

107  51 

54  16 

1 

48  58 

■2a 

106  57 

54  34 

1 

54  33 

{ 

49    5 

3« 

106  33 

54  48 

J 

f 

48  16 

la 

107  18 

53  50 

\ 

48  17 

•2a 

106  33 

54    4 

1 

f 

54    4 

1 

48  26 

•ia 

106  14 

54  18 

J 

Topsbe  and  Christiansen  give  85°56'  for  the  apparent  and  53°44'  for 
the  real  optic  axial  angle  for  Na  light. 

Dispersion  of  the  Median  Lines. — Measurements  in  benzene,  the 
refraction  of  which  is  nearly  identical  with  the  mean  refraction  of  the 
crystals,  indicated  that  the  dispersion  of  the  median  lines  is  such  that 
the  first  median  line  is  situated  17'  nearer  to  the  morpliological  axis  a 
for  Li  light  than  for  F  light.  As  the  angle  between  the  morphological 
axis  a  and  the  normal  to  rt(lOO)  has  been  shown  to  be  16°27'  (the 
complement  of  /3  73°33'),  and  the  mean  position  of  the  first  median 
line  as  afforded  by  the  extinction  determination  to  be  16°14'  from  the 
axis  a  and  in  the  obtuse  angle  of  the  axes  ac,  it  follows  that  the  first 
median  line  for  F  light  is  inclined  16°5'  to  the  axis  a  and  for  Li  light 
16°22',  and  that  for  red  light  it  is  thus  practically  identical  (within 
5')  with  the  normal  to  the  orthopinacoid  a(lOO). 

Effect  of  Rise  of  Temperature  on  the  Optic  Axial  Angle. — Section  3 

was  investigated  at  75°  (corrected  for  conduction  of  crystal  holder), 

with  the  following  result  : 

2E  at  75°. 

Li     76°45'  Tl    75°50' 

C 76  40  F 75  15 

Na  76  15 

The  optic  axial  angle  is  thus  seen  to  diminish  with  rise  of  tempera- 
ture, on  the  average  about  12°  for  the  intei-val  15 — 75°,  and  at  the 
same  time  the  dispersion  is  somewhat  increased. 
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Ammonium  Zinc  Selenatc,  (NH^)2Zn(Se04).2,6H20. 

An  estimation  of  zinc  in  a  sample  of  the  crystals  employed  gave 
the  following  result : — 0'8028  gram  of  crystals  yielded  0  1 327  gram  of 
zinc  oxide;  this  corresponds  to  13 '26  per  cent,  of  zinc,  the  calculated 
percentage  being  13'14. 

Goniometry. 

Eleven  crystals  were  selected  in  the  manner  already  described,  from 
six  different  crops. 

Ratio  of  axes  :— «  :  h  :  c  =  0-7409  :  1  :  0-5040. 

Axial  angle:  /3  =  73°46'. 

Habit :  prismatic  along  the  prism  zone,  to  thickly  tabular  along  the 
basal  plane. 

Forms  observed:  h  =  {010}aD  :?oo  ,  c  =  {OOljoP,  ;;  =  {llOjooP, 
;y=  {120}a)-.P2,  q  =  {011}i?oo,  o'  ={I11}  +  P,  r'^  [201] +  2  Pec. 

The  table  on  p.   1155  expresses  the  results  of  the  measurements. 


Fig.  10. 


The  preparation  of  perfect  crystals  of  this  salt  proved  more  difficult 
than  in  the  cases  of  the  other  three  salts,  owing  to  the  tendency  to 
opacity  of  the  crystals  of  many  of  the  crops.  Out  of  the  hundred  or 
moi-e  crops  prepared,  however,  an  adequate  number  consisted  of 
perfectly  transparent  crystals,  and  the  best  half-dozen  were  employed 
in  the  goniometrical  measurements. 

Crystals  were  observed  of  all  the  types  illustrated  in  the  various 
figures  given  for  the  other  three  salts,  and  in  addition  the  two  types 
represented  in  Figs.  10  and  11.  The  latter  are  both  characterised  by 
elongation  along  the  axis  of  the  zone  \bqc\,  and  merely  differ  in  the 
relative  development  of  the  basal  plane  c{001}  and  the  clinodome 
^{Oll}.  The  faces  of  the  clinopinacoid  6[010}  were  prominent  in  both, 
and  excellent  images  were  always  obtained  from  the  faces  of  this  form 
and  from  those  of  the  clinodome. 

On  several  of  the  measured  crystals  the  four  faces  of  the  relatively 
large  primary  prism  p{110}  afforded    perfect   reflections,  single   and 
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Morphological  Angles  of  Ammonmm  Zinc  Selenate. 


Augle  measured. 

No.  of 
measnre- 
meuts. 

Limits. 

Mean 
observed. 

Calculated 

Differ- 
ence, 

[  ac  =(100)  :  (001) 

__ 





73°46' 

j     _ 

a.s  =.(100)  :  (101) 

— 

— 

— 

45    1 

1     — 

sc    =(101)  :(001) 

— 

— 

;      — 

28  45 

!    — 

.     cr'  =(001)  :  (201) 

!         12 

64°3t3'—  64''41' 

64°38' 

64  36 

2' 

cs'  =(001)  :  (101) 

— 

— 

— 

38  52 

— 

s'/-'  =  (101)  :  (201) 

— 

— 

25  44 

— 

r'«=(201)  ;  (100) 

— 

— 

41  38 

— 

^  r'f=(201)  :  (001) 

12 

115  19—115  24 

115  21 

115  24 

3 

r  ap  =(100)  :  (110) 







35  26 



pp' =(110)  :(120) 

1 

— 

19  25 

19  28 

3 

p'b  =(120)  :  (010) 

1 

— 

35    8 

35    6 

2 

pb  =(110):  (010) 

44 

54  23  —  54  39 

54  34 

* 

— 

[  pp  =(110)  :  (110) 

22 

70  44—71    8 

70  52 

70  52 

0 

/  cq  =(001):  (Oil) 
\  qb  =(011)  :(010) 

39 

25  43  —  25  57 

25  50 

* 



89 

64    5—64  20 

64  10 

64  10 

0 

'  ac  =(100)  :  (111) 







48  15 



oq  =(111)  :(011) 

— 

— 

— 

27  11 

— 

-     aq  =(100)  :  (Oil) 

— 

— 

75  26 

— 

<7o'=(011)  :  (111) 

— 

— 

— 

35    0 

— 

^  o'«=(lll)  :(100) 

— 

— 

— 

69  34 

— 

r  CO    =(001)  :  (111) 

— 





34  20 



op  =(111):  (110) 

— 

— 

— 

42  30 

— 

cp  =(001)  :  (110) 

40 

76  45—  76  57 

76  50 

* 

— 

po' =(110)  :(111) 

10 

57  54—58    8 

58    2 

58    4 

2 

o'c  =(111)  :  (001) 

10 

45    2—  45  17 

45    7 

45    6 

1 

V  pc  =(110)  :  (001) 

40 

103    4  —103  21 

103  10 

103  10 

0 

/    bo  =(010)  :  (111) 
\  OS  =(111)  :(101) 





_ 

70  23 



— 

— 

— 

19  37 

— 

/  bo'  =(010)  :  (111) 
\  oV=(lll)  :(101) 

3 

64  59—  65  10 

65    4 

65    3 

1 

— 

— 

24  57 

— 

f  sq   =(101)  :(011) 



_ 

— 

37  54 



J   qp  =(011):  (110) 

33 

87    9  —  87  23 

87  17 

87  16 

1 

]  ps  =(110)  :  (101) 

— 

— 

— 

54  50 

— 

I  pq  =(110)  :  (Oil) 

33 

92  38  —  92  52  ; 

92  43 

92  44 

1 

f  s'q  =(101)  :  (Oil) 







45  31 



1   qp  =(011)  :  (110) 

33 

62  36  —  62  53 

62  46 

62  46 

0 

]  K=(110)  :(101) 

-         1 

_ 

— 

71  43 

— 

Ugr=(110):(0n) 

33 

117    6—117  24 

117  14 

117  14 

0 

f  rV  =  (201)  :(Ill) 
1    6>  =(111):  (110) 

9 

35  10  —  35  19 

35  14 

35  14 

0 

^         i 

92  15—  92  26 

92  19 

92  17 

2 

1   ?V  =(110):  (201) 

23 

52  21  —  52  34 

52  27 

52  29 

2 

I  r'p  ={201)  :(110) 

23 

127  23  -127  38 

127  33 

127  31 

2 

Total' number  of  measurements:  470. 
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quite  satisfactory  for  the  purpose  of  allocation  to  the  cross-wires,  and 
the  values  of  the  angle  bp  given  in  the  table  coincided  with  the  mean 
values  derived  from  these  excellent  faces  alone.  In  other  cases,  the 
vicinal  face  phenomenon  was  observed,  as  was  also  the  case  in  regard 
to  14  of  the  22  faces  of  the  basal  plane  present  on  the  11  measured 
crystals.  The  other  8  of  the  latter  afforded  single  trustworthy 
images  unaffected  by  the  presence  of  any  vicinal  faces  at  exactly  90° 
to  the  perfect  h  images  and  equidistant  from  the  excellent  q  images. 

The  faces  of  the  orthodome  r'{201}  were  often  particularly  brilliant 
and  relatively  large,  and  the  images  reflected  from  them  especially 
perfect.  Also  the  hemipyramid  o'{lll}  was  often  represented  by  good 
plane  faces  almost  as  large  as  those  of  r .  Occasionally,  however, 
crops  were  obtained  which  showed  neither  of  these  forms,  or,  if 
present,  only  as  very  minute  faces. 

On  one  crystal  a  good  but  small  face  of  the  prism  ^/{120}  was 
observed. 

Topsoe  and  Christiansen  give  rtc(^)  =  73°49',  ;?;?  =  (110)  :  (lTO)  = 
70°55'and  ^^  =  (011)  :  (OTl)  =  5l°o2' ;  also  «:  6  :  0  =  07416  :1  :  0-5062. 

Cleavage. — There  is  an  excellent  cleavage  parallel  to  ?''{201}.  Good 
images  of  the  signal  were  obtained  from  the  cleavage  faces,  within 
2'  of  the  theoretical  position  for  the  r   plane. 

Volume. 
Relative  Density. 
The  pycnometer  method  :  The  suspension  method  : 


Weight  of  Sp.  gr. 

salt  employed.  at  2074' 

5-8146  •2-2558 

4-7318  2-2568 

5-3778  2-2553 

5-3587  2-2557 

Mean 2-2559 


For  2074° 

For  18-974° 2-2617  2-2614 

For  19-374° 2-2609  2-2607 

For  14-074° 2-2630  2-2617 

For  16-774° 2-2622  2-2615 

Mean 2-2613 


The  value  accepted  for  2074°  is  therefore  2-261. 

The  value  yielded  by  the  suspension  method  in  this  case  is  more 
than  usually  higher  than  that  afforded  by  the  pycnometer  method. 
This  is  doubtless  due  to  the  fact  already  referred  to  in  the  description 
of  the  crystals,  namely,  their  frequent  turbidity,  which  is  probably 
owing  to  their  greater  tendency  to  the  formation  of  cavities. 

The  value  given  by  Topsoe  {Chem.  Centr.,  1873,  4,  78),  2-200,  is 
obviously  much  too  low,  as  was  also  his  value  for  ammonium  magnesium 
selenate. 

M  492-28 

Molecular  Volume. —  -y    =     'y-^p.-y     ~    217*73. 

To2nc  Axes  :— ^  :  1/' :  a.  =   6-2742  :  8-4684  :  4-2681. 
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Ojitics. 

Orientation  of  Axes  of  Optical  Ellipsoid — The  plane  of  the  optic 
axes  is  that  common  to  the  whole  series  of  salts,  the  symmetry  plane. 
The  sign  of  the  double  refraction  is  positive. 

The  following  extinction  angles  were  afforded  by  two  section  plates 
ground  parallel  to  the  symmetry  plane  : 


Section  1      12°44' 

2     12°56' 


behind  the  normal  to  c(OOl). 
f(OOl). 


Mean      12°50' 


Topscie  and  Christiansen  give  13°4'  for  the  same  angle. 

This  direction  is  that  of  the  obtuse  bisectrix  of  the  optic  axial 
angle,  and  it  is  thus  situated  (as  ac[;8]  =  73°46')  3"24'  in  front  of  the 
vertical  morphological  axis  c.  The  first  median  line  is  inclined  12°50' 
to  the  morphological  axis  a,  and,  like  the  second  median  line,  lies  also 
in  the  obtuse  morphological  axial  angle  ac. 

Refractive  Indices. — The  results  with  six  excellent  ground  prisms 
follow. 


Refractive  Indices  of  Ammonium   Zinc  Selenate. 


Index. 


Vibrations 

parallel  to 

2nd  median 

line. 


Vibrations 

parallel  to 

symmetry 

axis. 


Vibrations 

parallel  to 

Ist  median 

line. 


f  Prisms 
1  and  2. 
1-5198-201 
1-5204—8 
1  •5237— 40 
L-5270— 4 
1-5313—8 
1-5377—81 

1-5258—61 

1-5263—6 

1-5299—302 

1-5331-4 

1-5376-9 

1-5440—3 


Prisms 
3  and  4. 


•5-202—2 
•5207—5 
•5242—2 
•5275—4 
•5317—7 
•5382—2 


5345- 
5350- 
5385- 
5421- 
5464- 
5530- 


Piisms 
5  and  6. 


1^5262- 59 

1-5268-4 

1-5301-0 

1  -5336-4 

1-5380—76 

1-5445—4 

1  -5344—2 

1-5350—47 

1-5385-3 

1^5420- 18 

1-5464—3 

1-5530—27 


Mean 
index. 
1-5201 
1-5206 
1-5240 
1  •5-273 
1-5316 
1-5381 

1^5260 
1^5265 
1  -5300 
1  -5334 
1-5378 
1-5443 

1^5344 
1^5349 
1-5385 
1-54-20 
1  -5463 
1-5529 


Tojisoe  and 
Christian- 
sen's 
values. 


1  -5233 


1-5259 
1  -5-292 


1-5372 


Mean  of  a,  jS,  and  y  for  sodium  light  =  1-5308. 

Similar  remarks  apply  to  the  disagreement  of  the  author's  values 
and  tho.-se  of  Topslie  and  Christiansen   as  in   the   case  of  ammonium 
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magnesium   seleuate,  but  the  disagreement  is  in    this    instance  less 

pronounced. 

The  y8  index,  corrected  to  a  vacuum  (correction  =  +  O'OOOi)  for  any 

wave-length  X,  is  accurately  represented   by  the  following  formula  as 

far  as  the  green  thallium  ray,  and  approximately  beyond  that  part  of 

the  spectrum : 

/?     1  f^nen    ,    964  040      6  471000  000  000^ 
/5-i-OUbU  +   — — ^ +  .   .  . 

The  a  indices  are  also  afforded  by  the  formula  if  the  constant 
1"5080  is  diminished  by  O'OOGO,  and  the  y  indices  if  the  constant  is 
increased  by  0'0085. 

Alteration  of  Refraction  by  Rise  of  Temperature. — The  indices  were 
redetermined  at  70°  with  the  aid  of  two  of  the  prisms  furnishing 
respectively  a  and  /3  and  a  aiad  y. 

Refractive  Indices  of  AmmorAum  Zinc  Selenate  for  70°. 

Nature  of 

light.  a.                                 ;3.  7. 

Li   1-5189  1-5246  1-5325 

C     1-5194  1-5251  1-5330 

Na 1-5229  1-5286  1-53G7 

Tl   1-5265  1-5321  1-5403 

F     1-5308  1-5364  1-544G 

These  values  are  lower  than  those  for  the  ordinary  temperature  by 
an  average  of  0-0011  for  a,  00014  for  jB,  and  0-0018  in  the  case  of  y. 

Axes  of  the  Ojytical  Elliinoids. 

Axes  of  optical  indicatrix  :  a  :  /3  :  y  =  0-9961  :  1  :  1*0056. 
Axes  of  optical  velocity  ellipsoid  :  a  :  b  :  c  =  l-0039  :  1  :  0-9945. 

Molecular  Optical  Constants. — Employing  the  density  as  afforded 
by  the  suspension  method,  the  following  are  these  constants  ; 

Axis  of  optical  indicatrix.  a.  fi,  y. 

Specific  refraction,     '^'-1     =n j^        ^.^f,  ^W^  ^"Jnl 

'  {n'  +  2)d  (.G        0-1384  0-1397  0-1415 

Molecular  refraction,  ''^^  .  If  =  m...  |  fi     J!?:??  ^.^^.l  ^H 

n^  +  2      d  l«     08-11  08-/6  69"66 

Specific  dispersion,  no-Jtc 0-0038  0-0038  0-0038 

Molecular  dispersion,  nio  -  mo    1-85  1-88  1-89 

Molecular  refraction, '^mi  J/  C    113-35  114-63  116-46 

d 

Optic  Axial  -^ngle. — Three  pairs  of  section-plates  perpendicular  to 
the  two  median  Jines  were  prepared  as  usual  with  the  aid  of  the 
cutting  anJ  grinding  ^^^^^.i^etei.     The  angle  in  air  is  so  large,  how- 
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ever,  and  at  the  ^ame  time  the  double  refraction  relatively  so  feeble, 
that  only  such  section-plates  perpendicular  to  the  first  median  line 
as  are  of  very  considerable  width  (compared  with  the  thickness  of 
about  two  millimetres  essential  for  the  production  of  small  rings 
and  sharp  brushes)  exhibit  the  axes  emerging  in  air.  Such  large 
plates  require  large  crystals,  and  after  many  attempts  one  was  at 
last  obtained  sufficiently  large  and  perfect  to  enable  such  a  section  to 
be  cut  and  ground.  The  values  of  2E  given  in  the  following  table 
were  obtained   with  this  exceptionally  fine  section  : 


Ajiparent  Angle  in   Air  of  Ammonium  Zinc  Selenate. 

Light.  2E. 

Li 167°30' 

C 167  50 

Na     170    0 

Tl 172    0 

F 174  30 

All  the  six  sections  afforded  very  good  rings  and  brushes  when 
immersed  in  a-bromonaphthalene  ;  in  F  light  the  diameter  of  the  inner- 
most rings  was  only  about  an  apparent  millimetre,  so  that  the 
delicacy  of  the  measurements  of  2Ha  and  2Ho  was  quite  remarkaljle, 
and  enabled  the  exceptionally  small  dispersion  of  the  optic  axes, 
2VaF^Li)  to  be  determined  with  certainty. 


Determination  of  True  Optic  Axial  Angle  of  Ammonium  Zinc  Selenate. 

No.  of  No.  of 

section      Observed       section  Observed  Calcnlated       Mean 
perp.  1st       values       per  p.  2ud         values  values         vahie  of 

Light,    median  line,   of  2Ha.  median  line,  of  2Ho.  of  2Va.  2Va. 

r     1  74^31'  \a  88°  1'  82°  8'     ] 

Li {      -2  74  35      2a  88  9      82  7   ^   82°  5' 

[  3      74  34      3a      88  23      81  59  J 
[1      74  30      la  88  0      82  8  f 

C -   2      74  34      2a  88  7      82  8   [   82  5 

[     3      74  .32      da  88  19      82  0  j 

(1      74  14      Irt      87  35      82  10  ) 

Na  ...\      2      74  18      2a  87  40      82  10  [      82  7 

[     -3  74  12      3«      87  51      82  1  J 

r   1      73  58      la  87  12      82  12  ] 

Tl \      2  74  0      2a  87  13      82  12  \       82  9 

52  2  J 


[     3      73  54  3a  87  25  82 

73  32  la  80  38  82 

73  37  2a  86  43  82.. 

73  29  da  86  52  82  3  J 


(     1      73  32      la  80  38      82  13 

F  \      2      73  37      2a  86  43      82  14   I-   82  10 

I     3 


Topsoe  and  Christiansen  give   81°22'   for  2Va.     For  2E  they  give 
141°20'  in  the  text  and   17I°20'  in  the  concluding  table;  the  latter 
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figure  is  doubtless  the  correct  one,  for  it  agrees  fairly  with  the  author's 
value. 

Disjyersion  of  the  Median  Lines. — Measurements  of  optic  axial  angle 
were  made  for  lithium  and  F  light  with  the  sections  perpendicular  to 
the  first  median  line  immersed  in  chlorohenzene,  the  refractive 
index  of  which  for  sodium  light  is  1-5248,  slightly  lower  than  the 
mean  index  (1-5308)  of  the  crystals,  and  subsequently  in  methyl 
salicylate,  the  index  of  which  for  sodium  light  is  1*5360,  to  the  same 
extent  slightly  higher  than  the  mean  refraction  of  the  crystals.  Both 
series  indicated  that  the  first  median  line  is  so  dispersed  that  it  lies 
12'  nearer  to  the  morphological  axis  a  for  lithium  light  than  for  F 
light. 

Effect  of  Rise  of  Temperature  on  the  Optic  Axial  Angle. — A  series  of 
measurements  were  carried  out  at  80°  with  the  large  section  (section 
3  in  the  table),  which  alone  enabled  2  E  to  be  accurately  determined. 
After  very  slow  heating  and  attaining  constancy  at  80°  (corrected  for 
conduction  of  holder)  for  half  an  hour,  the  following  values  were 
obtained  : 

Nature  of  light.  2  E  at  80°. 

C    151°46' 

Na 153  10 

Tl  154  40 

The  apparent  angle  in  air  is  thus  found  to  diminish  by  about  16|° 
on  heating  the  crystal  from  15°  to  80°.  It  was  also  observed  that  the 
first  median  line  moved  nearer  to  the  morphological  axis  a  as  the 
temperature  rose,  for  the  optic  axial  movement  appeared  to  be  chiefly 
on  the  part  of  one  of  the  hyperbolic  brushes,  that  corresponding  to 
the  optic  axis  lying  in  the  obtuse  angle  of  the  crystallographic  axes 
ac,  the  other  remaining  almost  stationary. 


Be  determination   of  Density 

of  analogous  salts  containing  potassium,  rubidium,  and  caesium  by  the 
suspension  method. 

Potassium  Magnesium  Sulphate,  K2Mg(S04)2,6HoO. 


For  14-l°/4° 

,,     14-974° 

.,     16-2°/4° 

2-0341 

2-0351 

2-0350 

For  2074°. 
2-0329 
2-0341 
2-0342 

„     lG-7°/4° 

2-0341 

Mean     

2-0334 

20337 

The  value  accepted  therefore  for  20°/4°  is  2-034. 
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The  result  formerly  obtained  for  the  powdered  salt  was  2-0277,  and 
the  highest  of  the  individual  values  2-0282. 
M       399-84 
Molecular    Volume. — -r  =     o-ngi    ~  196-58. 

Topic  Axes.—x-.^-.i^  =  6-0711  :  8-1899  : 4-0892. 


Rubidium  Magnesium  Sulphate,  Ilb2Mg(S04).,6H20. 

For  2074°. 

For  1374°    2-3880  2-3863 

,,     12-474° 2-3878  2-3860 

„     1374"    2-3877  2-3860 

„     12-874° 2-3870  2-3853 

Mean 2-3859 

Accepted  value  for  2074°,  2-386. 

The  result  previously  published   for   the  powdered  salt  was  2-3822, 

and  the  highest  of  the  individual  values  2-3856. 

M       491-94 
Molecular     Volume. — -r   =     9roir(;    =  206-18. 

Topic   Axes.—x  :  i/' :  a>  =  6-1803  :  8-3518  :  4-1550. 


Ccesium  Magnesium  Sulphate,  Cs,2Mg(SO^)2'^H20. 

For  2074°. 

For  13-774° 2-6784  26767 

,,     13-674° 2-6770  2-6753 

,,     13-874° 2-6782  2-6765 

„     12-4°/4° 2-6775  26755 

Mean 2-6760 

The  previous  result  for  the  powdered  salt  was  2  6704,  and  the  highest 

of  the  individual  values  2-6728. 

M       585-94        ^,^^^ 
Molecular    Volume. — -j  =     iy-crja  =    218-96. 


Topic  Axes.—x  :</':"  =  6  2608  :  8-6012  :  4-2541, 


Potassium  Zinc  Sulphate,  K2Zn(S04)2,6H20. 

For  20°/4°. 

For  1474°      2-2468  2-2454 

,,     14-8°/4° 2-2472  2-2460 

,,     15°/4°     2-2465  2-2454 

,,      15-2°/4° 2-2474  2-2463 

Mean 2-2458 

Accepted  value  for  2074°  :  2-246 
VOL.    LXXXVII.  4    H 
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The  former  result  for  tlie  powdered  salt  was  2-2413,  and  the  highest 
of  the  individual  values  2-2426. 

.r  7      7        T.  7  ^i       440-56 

Molecular    Volume. — -^  =  -^tsttt  =  196-16. 
a  2-246 

Topic  Ja;e6-.— X  :  i// :  o)  =  6-0462  :  8-1562  :  4-1141. 

Rubidium  Zinc  Sulphate,  Ilb2Zn(S04)^,6H20. 

For  2074". 

For  1.3-374° 2-5924  2-5907 

„     13-874° 2-5924  2-5908 

,,     14-474° 2-5920  2-5905 

,,      13-7°/4° 2-5916  2-5900 

Mean 2-5905 

Accepted  value  for  2074° :  2-591. 

The  previous  result  for  the  powder  was  2-584,  and  the  highest  of  the 
individual  values  2-5888. 

.r  7      7        ,    ,  ^l       532-66 

Molecular     \  olume. —  ,    =     „,^q..  =  205-58. 

Topic  Axes.—x-.i}/:  co  =  6-U36  :  8-3326  :  4-1754. 


CcBsliim  Zinc  Sulphate,   Cs^Zn(S04)2,6H20. 

For  2074°. 

For  16°/4°    2-8767  2-8755 

„     14°/4°    2-8761  2-8744 

,,     14-l°/4° 2-8777  2-8760 

„     14°/4°    2-8771  2-8754 

Mean 2-8753 

Accepted  value  for  2074° :  2-875. 

The  former  result  for  the  powder  was  2-8670,  and  the  highest  indi- 
vidual value  2-8707. 

,,  7      ,        ..  ,  ^^      626-66 

Molecular    Volume. — —^  =  ^707^  =  217-97. 

Topic  Axes.—x:xl>:w  =  6-2415:8-5808:4-2561. 

Potassium  Magnesium  Selenate,  K2Mg(Se04)2,6H20. 

For  2074°. 

For  17-9°/4° 2-3642  2-3637 

„     18-474° 2-3659  2-3655 

„     19-8°/4° 2-3634  2-3634 

,,     19-l°/4° 2-3656  2-3654 

Mean 2-3645 

Accepted  value  for  20°/4° :  2-365. 


I 
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The  previous  result  for  the  powder  was  2- 3630,  and  the  highest  of 
the  individual  values  23634. 

M       493-4 

Molecular     Volume. — —r  =  o  or-K  =  208'63. 
a         2-365 

Topic  Axes.—x  -^-^  =6-2124  -.8-2998  :  4-1756. 


Kubidmm  Magnesutm  Selenate,  Ptb2Mg(SeO^)2,6H20. 

For  2074^ 

For  17-974° 2-6863  2-6857 

„     1874°    2-6827  2-6822 

,,     19-274° 2-6832  2-6830 

,,     18-574° 2-G842  2-6838 

Mean 2-6837 

Accepted  value  for  2074°  :  2-684, 

The  former  result  for  the  powdered  crystals  was  2-6805,  and  the 

highest  individual  value  2-6808. 

M      585-5 
3folec7clar    Volume. —  ,  =  o Vo^   =  218-15. 
d       2-684 


Topic  Axes.—x  ■^■^  =  6-2885  :  8-4705  :  4-2445. 


Ccesium   Magnesium   Selenate,  Cs2Mg(SeO^).„6H.,0. 

For  2074^ 

For  17-274° 2-939S  2-9390 

,,     17-6°/4" 2-9402  2-9395 

„     17-8°/4" 2-9390  2-9390 

„     18-774° 2-9394  2-9390 

Mean 2-9391 

Accepted  value  for  2074° :  2-939. 

The  previous  result  for  the  powdered   salt    was   2-9388,    and    the 

highest  individual  value  2-9391. 

M       679-5 
Molecular     Volume. r  =  ^.^n   =  231  "20. 


Topic  Axes.—x  ■^■^  =  6-3807  :  8-7239  :  4-3270. 


Potassium  Zinc  Selenate,  K.^Zn(SeO^).^,6HoO. 

For  '2074°. 

For  17-9°/4° 2-5575  2-5570 

„     19°/4°    2-55S4  2-5581 

„     19-2°/4° 2-5587  2-5585 

,,     18°/4°     2-5587  2-5582 

Mean 2-5580 

4  H  2 
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The  previous  value  for  2074°  for  the  powdered  crystals  was  2-5537, 
and  the  highest  individual  value  2'5546. 

M       534-12 

Molecular     Volmne. — -r  =     ey.nno    —  208-80. 

To2nG  Axes.—x  :«/':«  =  6-1812  :  82880  :  4-2045. 

Rubidium  Zinc  Selenate,  Vyh.^Zu{^QO^).^fi'il.p. 

For  2074°. 

For  1874°    2-8692  2-8686 

„     1874°    2-8694  2-8688 

,,     18-674°  2-8670  2-8666 

,,     18-674° 2-8666  2-86C2 

Meau 2-8676 

Accepted  vahie  for  20°/4° :  2-868. 

The  former  result  for  the  powdered  crystals  was  2  8604,  and  the 
highest  individual  value  2-8611.  The  crystals  of  this  salt  showed  a 
decided  tendency  to  opacity,  a  si^n  of  internal  cavities,  which  probably 
accounts  for  the  somewhat  larger  difference  than  usual,  the  new  deter- 
minations having  been  made  with  the  particularly  clear,  small  cry.stals 
used  in  the  goniometrical  measurements. 

M        626-22  ^    ^ 

Molectdar    Volume. — -7  =     ^  l.^q   =  218-35. 
a  2-868 

Topic  Axes.—x  ■^■^  =^  6-2913  :  8-4662  :  4-2492. 

Ccesium  Zinc  Selenate,  Cs2Zu(SeO^)2,6H20. 

For  2074°. 

For  15-974° 3-1211  3-1198 

,,     15874° " 3-1220  3-1207 

,,     17-474° 3-1214  3-1206 

,,     16-274° 3-1219  3-1207 

Mean 3-1205 

Accepted  vahie  for  2074° :  3-121. 

The  previous  result  for  the  powder  wtis  3-1153,  and  the  highest 
value  obtained  3-1175. 

Af        720-22 
Molectdar    Volume. — —r  — ■     Tr.rfTi    =230  77. 

Topic  Axes.—x:i}^:u>  =  6-3710:8-7106:4-3300. 

Comj)arison    of  Ft  e suits 

with  those  previously  obtained  for  analogous  salts  contaiuing 
potassium,  rubidium,  and  caesium  (compare  Trans.,  1893,  63,  337  and 
1896,  69,  314  ;  also  Froc.  Roy.  Soc,  1900,  67,  58,  and  Fhil.  Trans., 
1901,  A,  197,  255). 
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Moiyhology. 

Habit. — No  characteristic  habit  has  been  observed  for  the  crystals 
of  the  ammonium  salts ;  every  variety  has  been  found,  from  that  which 
distinguishes  the  potassium  salts  (stout  primary  prism  with  large  basal 
plane)  to  that  proper  to  the  csesium  salts  (clinodome-prism  with  narrow 
basal  plane).  A  large  proportion  of  crystals,  however,  showed  the 
intermediate  habit  (primary  prism,  basal  plane,  and  clinodome  more  or 
less  equally  developed)  exhibited  by  the  rubidium  salts. 

Axial  Ratios. — These  are  compared  in  the  following  table  : 


Morphological  Axial  Ratios. 


Salt. 


Eatios  of  Axes. 
a  :  b  :  c 


Potassium  magnesium  sulphate 0'7413  :  1  :  0 

Rubidium  ,,  ,,         07400:1:0 

Ammonium       ,,  ,,         07400  :  1  :  0 

Cfesium  ,,  ,,        07279:1:0 

Potassium    zinc  suliihate 07413  :1  :0 

Rubidium       ,,         ,,        07373:1:0 

Ammonium    ,,         ,,        07368:1:0 

Oesium  „         ,,        07274:1:0 

Potassium  magnesium  selenate  ..  07485  :  1  :  0 

Rubidium  ,,  ,,         07424:1:0 

Ammonium       ,,  ,,  07420:1:0 

Cfesium  ,,  ,,         07314:1:0 

Potassium  zinc  selenate 07458:1  :0 

Rubidium      ,,         ,,        07431:1:0 

Ammonium   ,,         ,,        07409:1:0 

Oesium  ,,         ,,        07314:1:0 


4993 
4975 
4918 
4946 

5044 
5011 
4997 
4960 

5031 
5011 
4966 
4960 

5073 
5019 
5040 
4971 


The  principal  fact  indicated  by  the  table  is  that  the  ratios  of  the 
ammonium  salts  are  so  similar  to  those  of  the  analogous  potassium, 
rubidium,  and  cfesium  salts  that  true  isomorphism  undoubtedly  exists. 
In  the  case  of  the  ratio  a  :  b,  the  value  for  the  ammonium  salt  is 
almost  identical  with  that  for  the  rubidium  salt.  In  the  case  of  the 
ratio  c:b,  no  rule  obtains,  but  in  three  of  the  groups  the  value  for  the 
ammonium  salt  lies  between  the  values  for  the  potassium  and  ctesium 
salts,  whilst  in  the  magnesium  sulphate  group  the  value  for  the 
ammonium  salt  lies  just  outside  those  limits. 

Monoclinic  Axial  Angle. — The  following  table  exhibits  the  values  of 
this  fundamental  angle  [complement  of  «c  =  (100) :  (001)]  for  the 
various  salts. 

Valiies  of  Axial  Angle  /?. 


For  KMg  sulphate  104°48' 


For  KMg  selenate    104°18' 


RbMg      „ 

105  59 

,,     RbMg      ,, 

105  14 

CsMg        „ 

107    6 

„     CsMg       „ 

106  17 

AmMg      „ 

107    6 

„     AmMg     ,, 

106  27 

KZn 

104  48 

,,     KZn 

104  12 

RbZn        „ 

105  53 

„     KbZn       „ 

105  16 

CsZn         „ 

107    1 

„     CsZn       „ 

106  11 

AmZn       „ 

106  52 

,,    AmZu      ,, 

106  14 
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Comparison  of  the  Angular  Magnitudes. 


KMrr  RUU    CsMg  IaidMo; 

KZu 

RbZn 

CsZu 

AuiZn 

Angle. 

sul. 

sul- 

sul-  sul- 

sul- 

.sul- 

sul- 

sul- 

phate. 

phate. 

phate. 

phate. 

phate. 

phate. 

phate. 

phate. 

,   m   =(100)  :  (001) 

75°12' 

74°  1' 

72°54' 

72-54' 

75°12' 

74°  7' 

72°59' 

73°  8' 

a&   =(100)  :  (101) 

46  8 

45  25 

44  28 

44  54 

45  56 

45  16 

44  28 

44  40 

sc    =(101)  :(001) 

29  4 

28  36 

28  26 

28  0 

29  16 

28  51 

28  31 

28  28 

-  cr'=(001)  :  (201) 

63  17 

64  2 

65  10 

64  25 

63  38 

64  20 

65  15 

64  56 

cs'  =(001)  :(101) 

38  12 

38  25 

39  3 

38  19 

38  32 

38  45 

39  9 

38  55 

6V  =  (101)  :  (201) 

25  5 

25  37 

26  7 

26  6 

25  6 

25  35 

26  6 

26  1 

^  r'«=(201)  :  (100) 

41  31  !  41  57 

41  56 

42  41 

41  10 

41  33 

4146 

4156 

[  ap  =(100)  :  (110) 

35  38 

35  26 

34  50 

35  16 

35  37  35  22 

34  51 

35  13 

2?/ =(110)  :  (120) 

19  28 

19  28 

19  28 

19  28 

19  28 

19  28 

19  28 

19  28 

"  p'b={V2Q)  ■  (010) 

34  54 

35  6 

35  42 

35  16 

34  55 

35  10 

35  41 

35  19 

^  2ih   =(110)  :  (010) 

54  22 

54  34 

55  10 

54  44 

54  23 

54  38 

55  9 

54  47 

r  cq   =(001)  :(011) 
\  qb   =(011)  :(010) 

25  48 

25  35 

25  17 

25  11 

25  58 

25  44 

25  23 

25  33 

64  12 

64  25 

64  43 

64  49 

64  2 

64  16 

64  37 

64  27 

.  ao   =(100)  :  (111) 

49  18 

48  35 

47  35 

48  0 

49  10 

48  27 

47  37 

47  52 

oq   =(111):  (Oil) 

27  24 

27  2 

27  0 

26  34 

27  34 

27  17 

27  3 

26  57 

-  aq   =(100)  :(011) 

76  42 

75  37 

74  35 

74  34 

76  44 

75  44 

74  40 

74  49 

qo'  =  {Oil)  :(111) 

34  27 

34  40 

35  17 

34  38 

34  42 

34  55 

35  21 

35  5 

^  o'f6  =  (lll)  :(100) 

68  51 

69  43 

70  8 

70  48 

.68  34 

69  21 

69  59 

70  6 

CO   =(001)  :(111) 

34  41 

34  9 

33  49 

33  33 

34  54 

34  24 

33  54 

33  57 

02^   =(111)  :  (110) 

43  20 

42  53 

42  13 

42  34 

43  7 

42  42 

42  12 

42  20 

-  cp   =(001)  :  (110) 

78  1 

77  2 

76  2 

76  7 

78  1 

77  6 

76  6 

76  17 

po'  =  (110)  :  (111) 

57  35 

58  21 

58  52 

59  22 

57  14 

57  59 

58  42 

58  38 

"^  o'c  =(111)  :  (001) 

44  24 

44  37 

45  6 

44  31 

44  45 

44  55 

45  12 

45  5 

f   bo   =(010)  :  (111) 

70  12 

70  30 

70  53 

70  43 

70  5 

70  24 

70  51 

70  .39 

\  OS   =(111)  :  (101) 

19  48 

19  30 

19  7 

19  17 

19  55 

19  36 

19  9 

19  21 

(■  bo'  =(010)  :(Tll) 

65  23 

65  18 

65  21 

65  22 

65  13 

65  13 

65  19 

65  9 

\  t>V=(lll)  :  (101) 

24  37 

24  42 

24  39 

24  38 

24  47 

24  47 

24  41 

24  51 

r  sq   =(101)  :  (Oil) 

-  qp   =(011)  :  (110) 

2JS   =(110)  :  (101) 

38  6 

37  38 

37  20 

36  58 

38  21 

37  54 

37  27 

37  31 

86  11 

87  15 

88  32 

88  22 

86  5 

87  7 

88  24 

88  0 

55  43 

55  7 

54  8 

54  40 

55  34 

54  59 

54  9 

54  29 

r  s'q   =(101)  :(011) 
J    qp   =(011)  :  (110) 
[   X=(110)  :(101) 

44  58  45  2 

45  24 

44  46 

45  19 

45  22 

45  31 

45  25 

63  52  !  63  5  1  62  28 

62  26 

63  47 

63  6 

62  29 

62  27 

71  10 

71  53  1  72  8 

72  48 

70  54 

71  32 

72  0 

72  8 

'  rV  =  (201)  :(111) 

34  35 

35  0  35  18 

35  17 

34  42 

35  1 

35  19 

35  22 

-  o'ji?=(lll)  :(110) 

92  54 

92  18  '  92  20 

91  36 

93  2 

92  36 

92  25 

92  4 

pr'  ={110)  :  (201) 

52  31 

52  42 

52  22 

53  7 

52  16 

52  23 

52  16 

52  34 
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Conijxirison  of  the  Ancjnlar  Magnitudes. 


(bo 
\os 

fbo' 
\o's' 


Angle. 


-I 


qp 
S'q 

qp 

ps' 

^r'o' 
o'p 


KlOO)  :  (001) 
^(100)  :  (101) 
=  (101)  :  (001) 
:(001)  :  (201) 
r(OOl)  :  (101) 
=  (101)  :  (201) 
:(201)  :  (100) 

=  (100)  :  (110) 
=  (110)  :  (120) 
=  (120)  :  fOlO) 
=  (110)  :(010) 

=  (001)  :  (Oil) 
=(011) :(010) 

=  (100)  :(111) 
=  (111):  (Oil) 
=(100)  :(011) 
=(011)  :(111) 
:(111)  :(100) 

=  (001)  :  (111) 
:(111)  :  (110) 
:(001)  :  (110) 
:(110)  :(111) 


"^o'c     =(111):  (001) 


=  (010)  :  (111) 
=  (111):  (101) 

=  (010)  :  (111) 
=  (111)  :  (101) 

-(101)  :  (Oil) 
:(011)  :  (110) 
:(110):(101) 

=  (101)  :  (Oil) 
=(011) :(110) 
KllQ)  :  (101) 

=(201) :(T11) 
:(111):(110) 
=  (110)  :  (201) 


KMg 
selen- 


75°42' 
46  30 
29  12 
62  53 
38  1 
24  52 
41  25 

35  55 
19  28 
34  37 

54  5 


RbxMgk'sMg 

selen- '  selen- 
ate.  i  ate. 

1 


49  43 
27  27 

77  10 
34  16 
68  34 

34  54 

43  34 

78  28 
57  13 

44  19 


20  3 

65  16 
24  44 

38  19 
85  34 
56  7 


74°46'|  73°43' 
45  50  i  45  3 
28  56  '28  40 
63  37  I  64  31 
38  20 


25  17 
41  37 

35  38 
19  28 
34  54 
54  22 


26  0  '  25  47 
64  0  64  13 


49  3 
27  16 
76  19 
34  34 
69  7 


25  45 
41  46 


35  6 

19  28 


AuiMgl  KZn  :  RbZu 
selen-  selen-  selen- 
ate.   ate.   ate. 


73°33' 
45  12 
28  21 
64  11 
38  22 
25  49 
42  16 

35  26 

19  28 


35  26  35  6 
54  54  i  54  34 


25  29  I  25  29 

64  31  .  64  31 


48  11 
27  9 
75  20 
35  0 
69  40 


48  21 
26  51 
75  12 
34  38 
70  10 


70  14  70  39 
19  46  19  21 

65  15  65  22 
34  45  I  24  88 

38  0  '  37  37 

86  29  !  87  42 
55  31  54  41 


70  35 

19  25 


65  16 
24  44 


75°48' 
46  19 
29  29 
63  12 
38  22 
24  50 
41  0 

35  52 
19  28 
34  40 
54  8 

26  8 
63  52 

49  35 

27  42 
77  17 
34  31 
68  12 


34  33  34  7  33  54  35  11 

43  7  42  37  '  42  46  1  43  21 
77  40  ;  76  44  :'  76  40  78  32 
57  45  58  24  58  44  56  50 

44  35  44  52  44  36  44  38 


69  51 
20  9 


65  10 
24  50 


37  24  '  38  36 
87  38  85  26 
54  58  ;  55  58 


44  55  45  4  45  16  44  57  45  15 

64  5  63  32  62  58  62  46  64  7 

71  0  I  71  24  71  46  72  17  70  38 

34  30  34  48  35  3  35  9  34  33 

92  54  92  37  92  34  ■  91  56  93  10 

52  36  52  35  \  52  23  |  52  55  52  17 


74°44 
45  47 
28  57 

63  42 
38  24 
25  18 
41  34 

35  38 
19  28 
34  54 

54  22 

25  50 

64  10 

48  59 
27  19 

76  18 
34  37 

69  5 

34  34 

43  5 

77  39 
57  43 

44  38 

70  13 
19  47 

65  14 
24  46 

38  2 
86  30 

55  28 

45  8 
63  30 

71  22 

34  49 
92  39 
52  32 


CsZn 

AmZa 

selen- 

selen- 

ate. 

ate. 

73°49' 

73°46' 

45  3 

45  1 

28  46 

28  45 

64  36 

64  36 

38  52 

38  52 

25  44 

25  44 

41  35 

4138 

35  4 

35  26 

19  28 

19  28 

35  28 

35  6 

54  56 

54  34 

25  31 

25  50 

64  29 

64  10 

48  12 

48  15 

27  14 

27  11 

75  26 

75  26 

35  6 

35  0 

69  28 

69  34 

34  13 

34  20 

42  36 

42  30 

76  49 

76  50 

58  14 

58  4 

44  57 

45  6 

70  37 

70  23 

19  23 

19  37 

65  22 
24  38 

37  43 
87  37 
54  40 

45  21 
63  5 
71  34 

35  2 
92  43 
52  15 
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It  will  appear  from  the  second  table  on  p.  1165  that  the  monoclinic 
angle  (3  for  the  crystals  of  each  ammonium  salt  is  very  nearly  identical 
with  that  of  the  crystals  of  the  analogous  csesium  salt.  This  angle  is 
the  obtuse  angle  between  the  crystallographic  axes  a  and  c.  The  axis 
b  is  the  symmetry  axis  at  right  angles  to  the  plane  of  symmetry 
containing  a  and  c. 

Mor2)hological  Angles. — The  principal  angles  between  the  faces  of 
the  crystals  of  the  sixteen  salts  are  tabulated  on  the  two  preceding 
pages.     An  analysis  of  the  tables  reveals  the  following  facts. 

Out  of  36  angles  compared,  the  alteration  of  angle  brought 
about  by  replacing  potassium  by  ammonium  occurs  in  the  same 
direction  as  that  produced  by  replacing  potassium  by  rubidium  or 
caesium,  in  34  cases  in  each  of  the  two  double  sulphate  groups,  and  in 
33  and  32  cases  respectively  in  the  magnesium  and  zinc  double  selenate 
groups.     In  the  exceptions,  the  changes  are    extremely  small. 

Hence,  in  general,  the  change  of  angle  when  ammonium  replaces 
potassium  is  in  the  same  direction  (that  is,  greater  or  smaller)  as 
when  that  metal  is  replaced  by  rubidium  or  caesium. 

The  amount  of  the  change  is  generally  larger  than  that  which 
accompanies  the  replacement  of  potassium  by  rubidium,  and  in  a  large 
proportion  of  angles  it  is  either  approximately  the  same  as  when 
caesium  replaces  potassium  or  is  in  excess  of  that  amount. 

These  facts  will  be  rendered  clearer  by  the  following  statistical 
analysis  : 

Analysis  of  Comj^arison  0/36  Angles. 


No.  in  which 

change  is 

in  same 

direction  as 

on  replacing 

K  by  Rb  or 

Cs. 

No.  of  those  in  col.  3  in  which 
JSo.  0    those                   Yalue  of  angle  lies 
m  col.  2  in 

1, :  _i-         ' 

Group. 

Between 
values  for 
Rb  and  Cs 
salts,  but 
nearer  to  Cs. 

Outside 
value  for 
Cs  salt. 

Mg  sulphate  series 

Mg  selenate     ,, 
Zn        „ 

34 
34 
33 

32 

28  6 
31                    5 
31          '           6 

29  :        6 

9 
18 
10 
11 

13 

8 
15 
12 

It  will  next  be  useful  to  compare  the  average  and  maximum 
amounts  of  angular  change,  irrespective  of  sign,  that  is,  of  the 
direction  of  the  change.     This  is  done  in  the  following  table. 


AMMONIUM    TO   THE   ALKALI    METALS. 


1169 


Group 

Average  cliauge  for         '        IVLaximum  change  for 
replacement  of  K  by        ,        replacement  of  K  by 

Kb. 

c. 

NH,.          Rb. 

Cs. 

NH4. 

Mg  sulphate  series 

Zn          „          „      

Mg  selenate 

29' 
26 
23 
27 

f.8' 
56 
52 
52 

56' 
50 
53 
49 

71' 
65 
56 
64 

141' 
139 
128 
131 

138' 
124 
129 
122 

Zn          „          ,,      

It  will  be  observed  that  both  the  average  change  and  the  maximum 
change  for  the  replacement  of  potassium  by  ammonium  is  approxi- 
mately equal  to  that  which  accompanies  the  replacement  of  potassium 
by  caesium,  and  this  again  is  about  double  that  due  to  the  replacement 
of  potassium  by  rubidium.  The  latter  is  a  new  and  important  fact  as 
regards  the  relations  of  potassium,  rubidium,  and  cpesium.  It  did  not 
occur  to  the  author  in  compiling  the  memoir  on  the  double  salts  con- 
taining those  metals  to  compare  the  average  change,  but  only  the 
individual  changes,  which  do  not  show  the  relationship  so  clearly, 
especially  the  direct  proportionality  between  change  of  angle  and  of 
atomic  weight. 

Voluine. 

Relative  Densities. — The  densities  as  afforded  by  the  suspension 
method  for  the  whole  sixteen  salts  are  set  out  in  the  next  table. 


AmMg  sulphate 

KMg 

RbMg 

CsMg 

AmZn        , , 

KZn 

RbZn 

CsZn 


Sp.  gr. 

at  2074°. 

1-723 

AmMg  selenate 

2-034 

KMg 

2-386 

RbMg 

2-676 

CsMg 

1-932 

AniZn        ,, 

2-246 

KZn 

2-591 

RbZn 

2-875 

CsZn 

Sp.  gr. 
at  2074° 
2-058 
2-365 
2-684 
2-939 

2-261 
2-558 

2-868 
3-121 


It  will  be  observed  that  the  ammonium  salt  is  the  lightest  in  each 
group,  the  densities  following  the  order  of  the  molecular  weights. 
Molecular  Volumes. — These  are  similarly  compared  below. 


Molecular 

Diff. 

Molecular 

Diff. 

volume. 

from  K  salt. 

volume. 

from  K  salt 

KMg  sulphate 

196-58 

— 

KMg  selenate 

208-63 

RbMg       „ 

206'18 

9-60 

RbMg     „ 

218-15 

9-52 

AmMg     , , 

207-78 

11-20 

AmMg    , , 

219-42 

10-79 

CsMg        „ 

218-96 

22-38 

CsMg      „ 

231-20 

22-57 

KZn 

196-16 



KZn 

208-80 

RbZn        „ 

205-58 

9-42 

AmZn     „ 

217-73 

8-93 

AmZn       ,, 

206-38 

10-22 

RbZn       „ 

218-35 

9-55 

CsZn         ., 

217-97 

21-81 

CsZn        ,, 

230-77 

21-97 
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The  molecular  volume  of  the  .immonium  salt  of  each  group  is  very 
nearly  identical  with  that  of  the  rubidium  salt,  being  just  slightly 
higher  in  the  first  three  grovips  and  slightly  less  in  the  zinc  selenate 
group.  This  is  a  similar  result  to  that  found  in  the  case  of  the 
simple  sulphates  of  the  alkalis,  the  molecular  volume  of 
ammonium  sulphate  being  slightly  higher  than  that  of  rubidium 
sulphate.  The  average  difference  for  the  replacement  of  potassium  by 
rubidium  is  9 '5  units,  for  that  of  potassium  by  ammonium  10'3 
units,  and  for  that  of  potassium  by  cassium  22 '2  units. 

Topic  Axes  {Distance  Ratios). — The  next  table  presents  these  in 
comparative  form. 

Topic  axes  (distauce  ratios). 
Salt.  X-  ^-  "'■ 

Potassium  magnesium  sulphate    6-0711  :  8-1899  :  4-0892 

Rubidium  ,,  ,,  6-1803  :  8-3518  :  4-1550 

Ammonium       ,,  ,,  6-2320:8-4217:4-1418 

Ciesium  ,,  ,,  6-2608:8-6012:4-2541 

Potassium  zinc  sulphate 6-0462  :  8-1562  :  4-1141 

Rubidium     ,,         ,,        6-1436:8-3326:4-1754 

Ammonium,,         ,, 6-1648:8-3670:4-1810 

Cajsium        ,,         ,,        6"2415  :  8-5808  :  4-2561 

Potassium  magnesium  selenate 6-2124  :  8-2998  :  4-1756 

Rubidium  ,,  ,,      6-2885:8-4705:4-2445 

Ammonium        ,,  ,,_  6-3299:8-5310:4-2365 

Cfesium  ,,  ,,       6-3807:8-7239:4-3270 

Potassium   zinc  selenate 6-1812  :  8-2880  :  4-2045 

Rubidium      „         ,,        6-2913:8-4662:4-2492 

Ammonium,,         ,,        6-2742:8-4684:4-2681 

Cffisium         ,,         ,,        6-3710:8-7106:4-3300 


These  ratios  show  that  the  replacement  of  potassium  by  ammonium 
in  this  series  of  salts  is  accompanied  by  very  nearly  the  same  amount 
of  extension  of  the  distances  separating  the  centres  of  the  structural 
units  (considering  a  structural  unit  as  a  whole  molecule  of  the  salt), 
along  each  of  the  three  morphological  axial  directions,  as  that  which 
accompanies  the  substitution  of  rubidium  for  potassium.  In  nine  cases 
out  of  the  twelve  the  extension  is  .slightly  greater,  and  in  the  other  three 
cases  slightly  less,  for  the  ammonium  substitution  than  for  the  rubidium 
one.  In  no  case  does  the  extension  for  the  replacement  of  potassium 
by  ammonium  attain  the  amount  which  is  observed  when  potassium  is 
replaced  by  caesium.  The  average  position  of  the  ammonium  salt  is 
0-0225  beyond  the  rubidium  salt. 

It  is  thus  a  fact  that  the  molecule  of  the  ammonium  double  salt  of 
any  group  of  this  series  occupies,  as  i-egards  its  dimensions  in  space, 
both  as  to  total  volume  and  its  directional  dimensions,  a  position  very 
close  to  that  of  the  corresponding  rubidium  salt  of  that  group. 

In  other  words,  the  replacement  of  the  two  atoms  of  the  alkali 
metal  by  the   ten  atoms  comprising  two  ammonium  groups   is   ac- 
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companied  by  only  very  slightly  more  expansion  of  the  molecular 
dimensions  *  than  occurs  when  two  atoms  of  the  metallic  family 
analogue,  rubidium,  are  substituted  for  those  of  potassium,  and  by  far 
less  than  that  which  accompanies  the  exchange  of  potassium  for  caesium 
atoms. 

A  precisely  similar  fact  has  already  been  proved  in  the  case  of  the 
simple  alkali  sulphates.  Thus  the  ammonium  group  not  only 
siuuilates  the  chemical  behaviour  of  the  alkali  metals,  but  can  also 
pack  itself  into  a  similar  space  or  sphere  of  action  or  motion. 

The  suggestion  made  in  the  memoir  on  ammonium  sulphate  {loc.  cit., 
p.  1067)  that  this  may  be  due  to  the  looseness  of  the  spacial  packing, 
the  free  space  unoccupied  by  matter  being  large  compared  with  the 
amount  of  the  actual  matter  of  the  molecule  contained  in  the  Avhole 
space  defined  by  the  topic  axes,  applies  no  less  to  these  double  salts 
than  to  the  simple  alkali  sulphates. 

The  essentially  different  natures  of  an  ammonium  group  and  an 
alkali  metallic  atom  is,  however,  clearly  shown  by  the  slight  vagaries 
of  the  directional  changes  accompanying  the  ammonium  replacement, 
no  general  I'ule  being  apparently  capable  of  expressing  these. 


Optics. 

Orientation  oj  the  Optical  Tndicatri.v  {Ellipsoid). — The  optical 
indicatrix  has  been  shown  throughout  the  whole  series  of  double 
sulphates  and  selenates  already  studied  by  the  author  to  rotate  about 
the  symmetry  axis  when  one  alkali  metal  is  replaced  by  another,  and 
it  is  now  found  that  the  replacement  of  potassium  by  ammonium  is 
aleo  accompanied  by  a  similar  rotation.  The  best  means  of  expressing 
the  relative  positions  of  the  ellipsoid  will  be  to  tabulate  the  inclina- 
tions, to  the  vertical  crystallographical  axis  c,  of  that  axis  of  the 
ellipsoid  which  is  not  far  removed  from  the  normal  to  the  basal 
plane  c{001}.  In  all  the  sixteen  salts  now  compared,  it  is  the  second 
median  line,  and  minimum  axis  a  of  the  indicatrix  or  maximum  axis 
U  of  the  optical  velocity  ellipsoid.  The  dispersion  of  the  median  lines 
(the  two  axes  of  the  ellipsoid  lying  in  the  symmetry  plane)  has  been 
shown  to  be  very  small  throughout,  never  exceeding  20',  so  that  the 
values  given  in  the  table  are  the  mean  positions  for  white  light  or  the 
middle  of  the  spectrum. 

*  By  "molecular  dimensions"  in  this  and  the  preceding  paragrapli  must  be 
clearly  understood  the  dimensions  defined  by  the  topic  axes  ;  they  will  be  shown 
later,  in  this  and  the  following  memoir,  to  be  more  correctly  described  as  "limits  of 
molecular  range,"  for  much  intermolccular  space,  as  well  as  the  matter  of  the 
molecules,  is  included. 
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Inclination  of  Axis  a  of  hulicalrix   to    Vertical  Axis  c,   in  Front  of 
Latter. 

AmMg  snlpliate  4°58' 

KMg  13  38 


RbMg 
CsMg 

AmZn 

KZn 

RbZn 

CsZn 


21  14 
46  43 

10  18 
16  43 

30  16 


AmMg  selenate    . . . 

...     ons' 

KMg          „         ... 

..      11  18 

RbMg         „         ... 

..      16  24 

CsMg 

...     36  47 

AmZn 

...       3''24' 

KZn 

...       9    9 

RbZn 

...     13  13 

C!=Zn 

...     21  57 

Fig.  14. 


Fig.  15. 


The  positions  will  be  rendered  clearer  by  Figs.  12,  13,  14,  and  15, 
which  represent  graphically  the  positions  of  the  median  lines  in  the 
magnesium  sulphate,  zinc  sulphate,  magnesium  selenate,  and  zinc 
selenate  groups  of  salts  respectively. 

It  will  be  observed  that  the  position  in  the  case  of  each  ammonium 
salt  lies  nearest  to  the  crystallographical  axis  c,  the  ellipsoid  having 
been  rotated  backwards  towards  that  axis  by  the  replacement  of 
potassium  by  ammonium,  and  in  the  contrary  direction  to  that  in 
which   rotation   occurs   when   potassium   is  replaced  by  rubidium  or 
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cEesium.     The  salts  stand  in  respect  to  this  property  in  the   order  of 
their  molecular  weights. 

Refractive  Indices. — These  are  compared  in  the  accompanying  table  : 
Comparative  Table  of  Refractive  Indices. 


j  Nature  \    KMg 
Index.;       of      j     sul- 
liglit.    ,  phate. 


J     Na  .. 


1-4581 

1-4585 

1-4607 

Tl    ......   1-4631 

K 1-4658 

G     1-4699 


RbMg 

sul- 
phate. 


Li    1-4603 

C  1-4607 

Na  1-46-29 


1  -4652 
1-4678 
1-4720 


Li    1-4727 

C 1-4731 

Na  1-4755 

Tl    1-4778 

F 1-4810 

G     1-4853 


1-4646 
1-4650 
1-4672 
1-4695 
1  -47-24 
1-4762 

1-4664 
1-4668 
1-4689 
1-4713 
1-4743 
1-4782 

1-4755 
1-4759 
1-4779 
1-4805 
1-4835 
1-4876 


Am]\Ig     CsMg 
sul-    '     sul- 
phate. !  phate. 


1-4685 
1-4689 
1-4716 
1-4740 
1-4771 
1-4814 

1-4701 
1-4705 
1-4730 
1-4755 
1-4786 
1-4831 

1-4756 
1-4760 

1-4786 
1-4811 
1-4842 
1-4888 


1-4828 
1  -4832 
J-4857 
1-4880 
1-4912 
1-4956 

1-4830 
1-4834 
1-4858 
1-4881 
1-4912 
1-4957 

]  -4888 
1-4892 
1-4916 
1-4940 
1-4970 
1-5015 


KZii 

sul- 
phate. 


1-4748 
1-4752 
1-4775 
1-4797 
1-4826 
1-4866 

1-4805 
1-4809 
1-4833 

1-4857 
1-4889 
1-4929 

1-4938 
1  -4942 
1-4969 
1-4994 
1  -5027 
1-5067 


RbZn 
sul- 
phate. 


1-4807 
1-4811 
1-4833 
1-4857 
1-4886 
1-4929 

1-4856 
1-4860 
1-4884 
1-4908 
1-4938 
1-4980 

1-4947 
1-4951 
1-4975 
1-5001 
1-5033 
1-5078 


AmZu 

sul- 
phate. 


1-4858 
1  -4862 
1-4888 
1-4914 
1-4947 
1-4992 

1-4900 
1-4904 
1-4930 
1-4957 
1-4990 
1-5036 

1-4963 
1-4967 
1-4994 
1-5021 
1-5056 
1-5102 


CsZu 
sul- 
phate. 


1-4994 
1-4998 
1  -50-22 
1-5047 
1-5079 
1-51-25 

1-5020 
1-5024 
1-5048 
1-5073 
1-5104 
1-5151 

1-5064 
1-5068 
1  -5093 
1-5119 
1-5152 
1-5199 


Nature 

Index. 

of 

light. 

Li   

C 

Na 

Tl    ... 

F 

G    

Li   

C 

)8l 

Na 

Tl    

F 

^ 

G     

Li    

C 

Na  

7 

Tl    

F  .. 

^ 

G    

KMg      RbJIg 

selen-      selen- 

ate.         ate. 


1-49.36 
1-4941 
1-4969 
1-4999 
1-5035 
1-5091  1 

1-4958 
1-4963 
1-4991 
1-5022 
1-5058 
1-5114 

1-5103 
1-5108 
1-5139 
1-5172 
1-5210 
1-5266 


1-4978 
1-4983 
1-5011 
1-5041 
1-5077 
1-5133 

1-4997 
1-5002 
1  -5031 
1-5060 
1-5098 
1-5152 

1-5100 
1-5105 
1-5135 
1-5167 
1-5205 
1  -5-264 


AniMg 

seleu- 

ate. 

1-5034 

1-5038 

1-5070 

1-5104 

1-5144 

1-5205 

1-5056 

1-5060 

1-5093 

1-51-26 

1-5166 

1-5227 

1-5132 

1-5136 

1-5169 

1-5202 

1-5-242 

1-5305 

CsMg 

selen - 

ate. 


1-5143 
1-5148 
1-5178 
1-5210 
1-5248 
1-5304 

1-5145 
1-5150 
1-5179 
1-5211 
1-5-248 
1-5305 

1-5201 
1-5206 
1-5-236 
1-5-269 
1-5308 
1-5364 


KZn 

selen- 
ate. 


1-5087 
1-5092 
1-5121 
1-5151 
1-5189 
1-5244 

1-5146 
1-5151 
1-5181 
1-5212 
1  •5-252 
1-5307 

1-5297 
1-5302 
1-5335 
1-5369 
1-5410 
1-5471 


RbZn 


1-5129 
1-5134 
1-5162 
1-5194 
1-5-233 
1-5288 

1-5188 
1-5193 
1-5222 
1-5-253 
1  -5-293 
1-5351 

1-5294 
1-5-299 
1-5331 
1-5365 
1-5405 
1-5466 


AmZn 

seleu- 
ate. 


1-5201 
1-5206 
1-5240 
1-5273 
1-5316 
1-5381 


CsZn 

selen - 
ate. 


1-5290 
1  -5295 
1  -5326 
1-5358 
1-5399 
1  -5459 


1-5260  1-5326 
1-5-265  1-5331 
1-5300  1-5362 
1-5334  I  1-5394 
1-5378  1-5435 
1-5443  1-5495 


1-5344 
1-5349 
1-5385 
1-54-20 
1-5463 
1  -5529 


1-5375 
1-5380 
1-5412 
1-5446 
1  -5488 
1-5549 
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The  whole  of  the  refractive  indices  of  the  four  ammonium  salts  lie 
between  those  of  the  analogous  rubidium  and  ctesium  salts,  and  nearer 
to  those  of  the  rubidium  salt  in  the  first  three  groups,  but  somewhat 
nearer  to  those  of  the  caesium  salt  in  the  zinc  selenate  group.     . 

A  concise  expression  of  the  relationship  is  afiforded  by  a  comparison 
of  the  mean  refractive  indices  (mean  of  all  three  indices  for  sodium 
light)  given  in  the  next  table. 


Mean  Refractive  Indices, 

KMg  sulphate    1-4664 

EbMg      ,,         1-4713 

AmMg     ,,         1-4744 

CsMg        ,,         1-4877 

KZii  ,,         1-4859 

RbZn       ,,         1-4897 

AmZn      , 1-4937 

CsZu         , 1-5054 


1  /3(a  +  ^  +  -y)  for  Na  Light. 


KMg  seleuate. 

RbMg  „  . 

AmMg  ,, 

CsMg  „  . 

KZu  .,  . 

RbZii  ;,  . 

AmZn  ,, 

CsZn  ,.  . 


1  -5033 
1-5059 
1-5111 

1-5198 

1-5212 
1-5238 
1-5308 
1-53G7 


The  mean  i-efractive  index  of  the  ammonium  salt  of  each  group  is 
seen  to  be  somewhat  greater  than  the  mean  index  of  the  rubidium  salt 
of  the  same  group,  but  not  so  high  as  that  of  the  csesium  salt.  The 
value  is  quite  close  to  that  of  the  rubidium  salt  in  the  group  of 
lowest  molecular  weight,  but  moves  farther  away  with  rise  of  molecular 
weight,  until  for  the  grovip  of  highest  molecular  weight  the  value  is 
slightly  nearer  to  that  for  the  caesium  salt. 

Double  Ilefraction. — The  double  refraction,  as  measured  by  the 
difference  between  the  two  extreme  indices  a  and  y  for  sodium  light, 
will  next  be  compared. 


Comparison  of  lite  Double  Refraction  Na  y  - 


KMg  sulphate 

KbMg  ,, 

AmMg  „ 

CsMg  „ 

KZn 

RbZn  „ 

AmZu  ,, 
CsZn 


0  0148 
0-0107 
0-0070 
0-0059 

0-0194 
0-0142 
0-0106 
0-0071 


KMg  seleuate. 

RbMg  ,, 

AmMg  ,, 

CsMg  „       . 

KZn  „        . 

RbZii  „       . 

AmZn  ,, 

CsZn  „        . 


00170 
00124 
0  0099 
0-0058 

0-0214 
00169 
0-0145 
0-0086 


It  will  be  evident  from  this  table  that  in  respect  to  double 
refraction  also  the  ammonium  salt  of  each  group  takes  its  place 
between  the  rubidium  and  caesium  salts  of  the  same  group.  Its 
position  is  nearer  to  that  of  the  csesium  salt  in  the  group  of  least 
molecular  weight,  and  nearer  to  that  of  the  rubidium  salt  in  the  group 
of  highest  molecular  weight,  the  movement  being  in  the  opposite  sense 
to  that  of  the  mean  i*efraction. 
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The  relative  refractive  power  of  the  ci-ystals  of  the  four  salts  of  each 
group  is  best  showu  by  the  calculated  values  of  the  axes  of  the  optical 
indicatrix,  or  of  its  polar  reciprocal,  the  optical  velocity  ellipsoid, 
taking  the  P  axis  of  the  potassium  salt  as  unity. 

Those  for  the  indicatrix  are  given  in  the  next  table. 

Axial  Ratios  of  Optical  Indicatrix,  PkhhU  =  1  • 

Salt.  a.  p.             y. 

Potassium  magnesium  sulphate  0  9985  :  1            :  1'0086 

Rubidium            „              ,,  1-0030  :  1-0041  :  1-0103 

Ammonium         ,,              ,,  1-0060:1-0069:1-0107 

fesium                ,,              ,,  1-0150:1-0157:1-0196 

Potassium  zinc  sulphate 0-9961:1  :  1-0092 

Rubidium     ,,         ,,        1-0000  :  1-0034  :  1-0096 

Ammonium,,         ,,        1-0037:1-0065:1-0109 

Caisium         ,,        „       1-0127:1-0145:1-0175 

Potassium  magnesium  selenate 0-9985  :  1  :  1-0099 

Rubidium  „  „       1-0013:1-0027:1-0096 

Ammonium        ,,  ,,       1-0053:1-0068:1-0119 

Ciesium  ,,  ,,       1-0125:1-0126:1-0163 

Potassium  zinc  selenate 0-9960:1  :  I'OlOl 

Rubidiiun     „         ,,        0-9988:1-0027:1-0099 

Ammonium,,         ,,        1-0039:1-0078:1-0134 

Ctesium        ,,         ,,        1-0096:1-0119:1-0152 

It  will  be  observed  that  the  indicatrix  expands  along  each  of  the 
three  axes  when  potassium  is  replaced  by  ammonium,  and  to  an 
extent  which  is  greater  than  that  accompanying  the  substitution  of 
rubidium  for  potassium,  but  not  so  great  as  that  due  to  the  introduc- 
tion of  cresium  instead  of  potassium.  In  the  first  three  groups,  the 
dimensions  in  the  case  of  the  ammonium  salt  are  much  nearer  to 
those  of  the  rubidium  salt ;  in  the  zinc  selenate  group,  two  of  the  axes 
of  the  ammonium  salt  approximate  somewhat  nearer  to  those  of 
the  ceesium  salt. 

Molecular  OjMcal  Constants. — These  are  compared  in  the  next  four 
tables. 

All  the  values  for  the  metallic  salts  have  been  recalculated,  employ- 
ing the  densities  determined  by  the  suspension  method  and  the  mole- 
cular volumes  derived  therefrom,  so  as  to  be  rigidly  comparable  with 
the  values  for  the  ammonium  salts. 
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Table  of  Specific  Refraclions  and  Dispersions  (Lorenz). 


Specific  refiactiou,  --^ ~  n. 

Specific  dispersion. 

Salt. 

For  ray  C(Ho). 

For  ray  G(H7). 

o. 

j8. 

7- 

a. 

P. 

7- 

a. 

fi.          7. 

AmMg  sulphate... 
KMg          ,, 
Rl'Mg       „      ... 
CsMg         „        ... 

0-1616 
0-1343 
0-1159 
0-1068 

0-1621 
0-1348 
0-1162 
0-1068 

0-1637 
0-1379 
0-1181 
0-1079 

0-1653 
0-1371 

0-1183 
0-1091 

0-1658 

0-1377 
0-1187 
0-1091 

0-1675  0 
0-1410  0 
0-1207^0 
0-1102  0 

0037 
0028 
0024 
0023 

0 
0 
0 
0 

0037  0-00.38 
0029  0-0031 
0025  0-0026 
0023  0-0023 

AmZu        ,, 
KZu 
RbZu 
CsZn 

0-1487 
0-1254 
0-1098 
0-1023 

0-1497 
0-1267 
0-1108 
0-1027 

0-1514 
0-1297 
0-1126 
0-1035 

0-1520 
0-1280 
0-1121 
0-1045 

0-1532 
0-1294 
0-1131 
0-1049 

0-1549  0 
0-132410 
0-1150  0 
0-10570 

0033  0 
0026  0 

0023!  0 

0022  0 

0035  0-0035 
0027  0-0027 
0023  0-0024 
0022  0-0022 

Am]\rg  selenate 
KMg           „        ... 
RbMg         ,,        ... 
CsMg         „        ... 

0-1438 
0-1231 
0-1093 
0-1026 

0-1444 
0-1236 
0-1096 
0-1026 

0-1462' 0-1478 
0-1266  0-1263 
0-1115  0-1120 
0-1035  0-1052 

0-1484 
0-1268 
0-1124 
0-1052 

0-1502  0 
0-1299  0 
0-1144  0 
0-1062  0 

0040  0 
0032:  0 
0027  0 
0026,0 

0040  0  0040 
0032  0-0033 
0028  0-0029 
0026  0-0027 

AmZu        ,, 

KZu 

RbZn          „       . 

CsZu 

0-1346 
0-1168 
0-1049 
0-0989 

0-1359 
0-1179 
0-1059 
0-0995 

0-1377  0-1384 
0-1208  0-1197 
0-1077  0-1075 
0-1002  0-1014 

0-1397 
0-1209 
0-1086 
0-1020 

0-1415  0 
0-1240  0 
0-1105  0 
0-10-28  0 

0038,  0 
002910 
0026' 0 
0025!  0 

0038  0-0038 
0030  0-0032 
0027  0-0028 
0025  0-0026 

Table  0/  Molecular  Refractions  and  Dispersions 

{Lor  en 

z). 

Molecular  refraction,  "^  J:  .  M  =  m. 

'  n^  +  2     d 

Mol 

dispersion. 

Salt. 

For  ray  C(Ha). 

For  ray  G(H7). 

a. 

)3. 

7- 

a. 

i3. 

7- 

a. 

)8. 

7- 

KMg    sulphate... 

53-69 

53-91 

55-16  i  54-84 

55-05 

56-37 

1-15 

1-14 

1-21 

RbMg        „        ... 

57  00 

57-19 

58-14    58-18 

58-38 

59-36 

18 

19 

22 

AmMg        ,, 

57-85 

58-02 

58-60    59-17 

59-35 

59-95 

32 

33 

35 

CsMg          „        ... 

62-56 

62-58 

63-21 

63-92    63-93 

64-57 

36 

35 

36 

KZu 

55-25 

55-81 

57-12 

56-37  {  57-00 

58-35 

12 

19 

23 

RbZu 

58-51 

59  02 

59-96 

59-73    60-26 

61-26 

22 

24 

30 

AmZn        ,, 

59-27 

59-71 

60-36 

60-62  !  61  07 

61-74 

35 

36 

38 

CsZu           „        ... 

64-09 

64-37 

64-85 

65-46  \  65-74 

66-25 

37 

37 

40 

KMg     selenate... 

60-74 

60-98 

62-48    62-30  '  62-54 

64-10 

56 

56 

62 

RbMg         „        ... 
AmMg       ,, 

6397 

64-18 

65-30    65  58  165-80 

67-00 

61 

62 

70 

64-95 

65-19 

66-01     66-75    66-99 

67-83 

80 

80 

82 

CsMg         „        ... 

69-70 

69-72 

70-36  1  71-47 

71-47 

72-14 

77 

75 

78 

KZu 

62-37 

62-98 

64-52    63-93 

64-57 

66-23 

56 

59 

71 

RbZu 

65-67 

66-30 

67-44  1  67-32 

67-99 

69-20 

65 

69 

76 

AraZu        ,, 

66-26 

66-88 

67-77     68-11     68-76 

69-66 

85 

88 

89 

CsZn          „        ... 

71-23 

71-63 

72-18    73-06    73-46 

74-06 

1-83 

1-83 

1-88 

I 
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Molecular  Refractions  {Gladstone  and  Dale),  — j-^^^^  f^'"'  ^^''V  ^• 

a.  /3.  7. 

Potassium  magnesium  sulphate    90-13  90*56       93'00 

Kubidium             ,,               ,,           95-87  96-24       98-12 

Ammonium          ,,               ,,           97-43  97-76       98-90 

Cffisium                 „               ,,           105-80  105-84  107-11 

Potassium  zinc  sulpliate     93-21  94-33       96-94 

Kubidium     ,,          ,,           98-91  99-91  101-78 

Ammonium,,           ,,            100-34  101-21  102-51 

Caisium         ,,           ,,           108-94  109-51  110-47 

Potassium  magnesium  selenate 103-08  103-54  106-57 

Rubidium            ,,               „       108-70  109-12  111-37 

Ammonium          ,,               ,,       110-54  111-02  112-69 

Cffisium               ,,               ,,        119-02  119-07  120-36 

Potassium  zinc  selenate 106-32  107-55  110-71 

Rubidium     ,,           ,,       112-10  113-39  115-70 

Ammonium,,           ,,       113-35  114-63  116-46 

Caisium         ,,           „       122-19  123-02  124-15 


Mean  Molecular  Refractions,  l/3{a  +  fi  +  y)for  Ray  C. 

KMgsulphate  91-23        '        KMg  selenate    104-40 

RbMg     ,,         96-74        j       RbMg      ,,        109-73 


AmMg 
CsMg 

KZn 

RbZn 

AmZn 


91  -23 

KMg  selenat 

96-74 

RbMg      „ 

98-03 

AmMg     ., 

106-25 

CsMg       „ 

94-83 

KZn 

100-20 

RbZn       „ 

101-35 

AmZu      ,, 

109-64 

CsZn        ,, 

111-42 
119-48 

108-19 
113-73 
114-81 


CsZu       ,,         109-64        ,        CsZn        ,,         123-12 

As  regards  the  specific  refraction  and  dispersion  constants,  the 
ammonium  Siilt  of  each  group  stands  first,  with  higher  constants  than 
the  potassium  salt.  The  order  i.--,  indeed,  that  of  the  molecular 
weights  of  the  salts,  but  the  differences  diminish  as  the  molecular 
weight  rises. 

With  respect  to  molecular  refraction,  whether  calculated  by  the 
formula  of  Lorenz  or  by  that  of  Gladstone  and  Dale,  the  value  along 
each  of  the  three  axes  of  the  optical  ellipsoid  of  the  ammonium  .'■alt  of 
each  group  is  just  slightly  higher  than  the  value  for  the  corresponding 
rubidium  salt.  The  same  fact  is  succinctly  expressed  by  the  mean 
molecular  refractions  of  the  crystals.  Hence,  as  regards  molecular 
refraction,  the  ammonium  salt  occupies  the  same  position  in  the  series, 
just  after  the  rubidium  salt,  which  it  has  been  shown  to  occupy  as 
regards  the  molecular  dimensions  in  space  (the  topic  axes). 

With  respect  to  molecular  dispersion,  the  values  for  the  ammonium 
salt  of  each  group  approximate  nearer  to  those  of  the  corresponding 
(Hisium  salt,  and  in  the  two  selenate  groups  the  caisium  salt  values  are 
blightly  exceeded. 
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02)tic  Axial  Angles. — These  are  dependent  in  the  case  of  each  salt  on 
the  relations  between  the  lengths  of  the  three  axes  of  the  optical 
ellipsoid  of  that  salt ;  the  latter  are  most  conveniently  expressed  by 
considering  the  axis  of  intermediate  length  /3  or  Ij  as  unity.  For  these 
ratios  determine  the  loci  of  the  circular  sections  of  the  ellipsoid  to  which 
the  optic  axes  are  perpendicular.  They  are  compared  in  the  following 
table,  for  the  indicatrix  ellipsoid. 


Axial  Ratios  of  Indicatrix. 


Potassium  uicagnesium  sulphate     0"9985 

r.ubidium  ,,  ,,  0'99SS 

Ammouium         ,,  ,,  0'9991 

Caisium  ,,  ,,  0-9999 

Potassium  zinc  sulphate  0'9961 

Rubidium     „  ,,        0-996G 

Ammonium,,  ,,         0'9972 

Ciesium         ,,  ,,         0-9983 

Potassium  magnesium  selenate  0-9985 

Rubidium  „  ,,         0-9987 

Ammonium        ,,  ,,         0'9985 

Caesium  ,,  ,,         0-9999 

Potassium  zinc  selenate    0-9960 

Rubidium     ,,  ,,         0-9961 

Ammonium,,  ,,         0-9961 

Ca'sium        ,,  ,,         0-9977 


1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

1- 

7- 

0086 
0061 
0038 
0039 

0092 
0061 
0043 
0030 

0099 
0069 
0050 
0038 

0101 
0072 
0056 
0033 


It  will  be  observed  that  on  the  whole  the  position  of  the  ammonium 
salt  of  any  group  is  again  between  the  rubidium  and  csesium  salts  ; 
the  two  variations  from  this  rule  are  only  to  the  extent  of  0*0001  and 
0-0002  respectively. 

As  regards  the  optic  axial  angles  themselves,  those  of  the  two 
magnesium  groups  do  not  lend  themselves  to  complete  comparison, 
owing  to  the  exceptional  phenomena  (including  crossed-axial-plane 
dispersion)  displayed  by  the  caesium  salts  of  these  groups,  which  have 
been  fully  referred  to  in  the  memoirs  concerning  those  salts,  and 
which  have  been  shown  to  be  the  direct  consequence  of  the  accelerat- 
ing progression  (diminution)  of  the  double  refraction  with  rise  of 
atomic  weight  of  the  alkali  metal. 


Ojitic  Axial  Angles  2Ya. 


ight. 

KMg  sulphate. 

RbMg  sulphate. 

AmMg  .sulphate 

Li  ... 

48°  0' 

49°  6' 

51^20' 

C    .. 

47  59 

49    2 

51  18 

Na.. 

47  54 

48  46 

51  11 

Tl  ... 

47  48 

48  29 

51     2 

F    ... 

47  40 

48  10 

50  36 
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Optic  Axial  Angles  2Va  (continued). 


KMg  selenate. 

EbMg  selenate. 

AmMg  .selenate 

Li  ... 

39°43' 

47^26' 

54=57 

C    ... 

39  42 

47  24 

54  55 

Na.. 

39  38 

47    3 

54  47 

Tl  ... 

39  34 

46  37 

54  33 

F    ... 

39  25 

46    6 

54    4 

KZu  sulphate. 

RljZn  sulphate. 

CsZn  sulphate. 

AmZn  sulphate 

Li  .. 

GSn7' 

73°42' 

74°30' 

78°57' 

C    .. 

GS16 

73  40 

74  27 

78  58 

Jia.. 

GS  14 

73  33 

74  11 

79    0 

Tl  ... 

68  12 

73  27 

73  52 

79    2 

F    .. 

68    9 

73  18 

73  31 

79    3 

KZn  selenate. 

RbZn  selenate. 

AmZn  selenate. 

CsZn  .'selenate. 

Li  .. 

66^12' 

75^16' 

82''  5' 

83°33' 

C    .. 

66  13  . 

75  14 

82    5 

83  30 

Na.. 

66  15 

75    8 

82    7 

83    6 

Tl  .. 

66  17 

75    2 

82    9 

82  43 

F    .. 

GQ  20 

74  55 

82  lu 

82  14 

It  will  be  seen  that  the  optic  axial  angles  of  the  two  ammonium 
magnesium  salts  are  somewhat  beyond  those  of  the  corresponding 
rubidium  salts  in  magnitude.  In  the  two  zinc  groups  also  the  ammo- 
nium salts  occupy  positions  beyond  the  rubidium  salts  ;  in  the  case  of 
the  zinc  selenate  group,  the  angle  is  not  quite  so  large  as  that  of  the 
csesium  salt,  whilst  in  the  zinc  sulphate  group  it  is  larger  than  that  of 
the  cfBsium  salt. 

It  must  be  remembered,  however,  that  these  mutual  relationships  of 
the  three  axes  of  the  optical  ellipsoid  on  which  the  optic  axial  angles 
are  dependent  are  secondary  effects  of  the  total  change  in  (expansion 
of)  the  ellipsoid  on  passing  from  one  salt  to  another  of  the  group,  and 
that,  moreover,  the  whole  ellipsoid  rotates  about  the  symmetry  axis  at 
the  same  time,  and  to  ditfex-ent  extents  for  different  wave-lengths  of 
light ;  and  also  that  the  rapid  change  in  the  amount  of  the  double 
refraction  produces  marked  effects  on  the  optic  axial  angle  phenomena, 
particularly  on  the  dispersion  of  the  optic  axes  for  different  wave- 
lengths of  light.  Hence  the  optic  axial  angle  phenomena  are  highly 
complicated,  and  not  likely  to  show  clearly  the  effect  of  change  of 
atomic  weight  or  the  position  of  the  ammonium  radicle  in  the  alkali 
series.  But  the  total  change  (expansion)  of  the  axial  dimensions 
of  the  optical  ellipsoid,  the  rotation  of  the  ellipsoid,  and  the  magnitude 
of  the  double  refraction  have  all  been  shown  to  be  subservient  to 
definite  laws  connecting  the  atomic  weight  of  the  alkali  metal,  the 
molecular  weight  of  the  whole  salt,  and  the  position  of  the  ammonium 
complex  in  the  alkali  series. 

4  I  2 
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Summa^'y  of  Conclusions. 


The  main  results  of   this  investigation  are  remarkably  similar  to 

those  derived  from  the  study  of  ammonium  sulphate  {loc.  cit.,  p.  1073), 

and    their    comparison    with    those   for    the   sulphates  of    potassium, 

rubidium,  and  cajsium  previously  studied.     The  differences  are  chiefly 

due  to  the  difference  of  crystalline  symmetry.     The  rhombic  series  of 

normal  sulphates  and  selenates  show  exceedingly  small  differences  in 

the  angles  between  the  external  faces,  the  maximum  difference  observed 

between  a  potassium  and  a  csesium  salt  being  only  two-thirds  of  a  degree 

(41'),  whereas  the  monoclinic  double  sulphates  and  selenates  exhibit 

dift'erences  of   morphological  angle  exceeding  2  degrees,  the  maximum 

being  141'  in  the  case  of   the  salts  now  under  comparison.     It  might, 

perhaps,  have  been  expected  that  the  replacement  of  a  so  much  greater 

integral  part   of  the  molecule  as  the  alkali  metal  forms  of   the  simple 

S 
salt  Roq  O4  would  be  accompanied  by  a  greater   amount   of  angular 

change  than   when   the  same   replacement  occurs  in  the  very  much 

larger  molecule  of  the  double  salt  RoM(^  O^jjjGHgO,  of   which   the 

alkali  metal  forms  a  much  smaller  integral  part.  But  it  appears  to  be 
connected  with  the  order  of  symmetry,  and  indicates  that  the  higher 
the  order  of  symmetry  the  smaller  are  the  angular  changes  between 
the  exterior  faces,  when  one  member  of  the  family  of  metals  or  radicles 
forming  the  series  of  salts  replaces  another.  It  also  emphasises  the 
dominating  influence  of  the  alkali  metal  in  determining  the  crystallo- 
graphical  properties  of  the  salts.  It  is  much  easier,  therefore,  to  locate 
tlie  position  of  the  ammonium  group  in  the  series  of  double  salts,  as 
regards  the  external  morphology  of  the  crystals,  than  in  the  case 
of  the  simple  salt  series. 

The  replacement  of  potassium  by  the  ammonium  group  is  accom- 
panied by  alterations  in  the  interfacial  angles  in  the  same  direction  as 
when  potassium  is  replaced  by  rubidium  or  ctesium,  and  both  the 
average  amount  and  the  maximum  amount  of  the  change  are  approxi- 
mately the  same  as  when  ctesium  replaces  potassium.  The  funda- 
mental axial  angle  /3  follows  the  same  rule,  the  value  in  the  case 
of  the  four  ammonium  salts  now  described  being  identical  within  10' 
with  the  value  for  the  analogous  ciesium  salt. 

A  new  fact  as  regards  the  relations  of  the  three  alkali  metals  has 
also  been  discovered,  namely,  that  the  average  and  maximum  altera- 
tions of  the  interfacial  angles  when  potassium  is  replaced  by  rubidium 
or  caisium  are  approximately  directly  proportional  to  the  change  in 
atomic    weight,   the  values   in    the   case  of   the  rubidium  salt   being 
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almost  precisely  midway  between  those  of  the  potassium  and  cpesium 
salts. 

The  morphological  axial  ratios  of  the  ammonium  salt  of  each  group 
are  very  similar  to  those  of  the  potassium,  rubidium,  and  cjesium  salts 
of  the  group,  and  generally  lie  within  the  limits  of  the  latter.  The 
true  axial  relations  of  the  four  salts  of  each  group  are  only,  however, 
indicated  by  the  topic  axes,  which  are  obtained  by  combining  the  axial 
ratios  with  the  molecular  volume  and  represent  the  distances  apart, 
along  the  directions  of  the  three  crystallographical  axes,  of  the  centres 
of  contiguous  structural  units,  understanding  by  a  structural  unit  a 


complete  molecule  R^^lf^  04J2,6HoO. 


The  densities  follow  the  order  of  the  molecular  weights  of  the  salts, 
but  the  molecular  volume  of  the  ammonium  salt  of  each  group  is 
almost  identical  with  that  of  the  rubidium  salt  of  the  same  group. 

The  topic  axes  indicate  that  the  extension  of  the  structural  unit  (the 
increase  of  separation  of  the  centres  of  contiguous  structural  units) 
along  each  of  the  three  crystallographical  axes,  when  potassium  is 
replaced  by  ammonium,  is  nearly  identical  with  that  which  accompanies 
the  replacement  of  potassium  by  rubidium,  and  on  the  average  just 
slighter  greater. 

The  cleavage  is  identical  for  all  the  salts  studied,  namely,  parallel  to 
the  orthodome  r'{201}. 

The  optical  scheme  is  also  identical  for  all  the  salts,  the  plane  of  the 
optic  axes  being  the  symmetry  plane.  Besides  showing  larger  changes 
in  the  interfacial  angles,  the  monoclinic  double  salt  series  differs  from 
the  rhombic  simple  salt  series  in  that  the  optical  ellipsoid  is  no  longer 
fixed,  with  its  axes  identical  with  the  three  crystallograpical  axes,  but 
is  free  to  rotate  about  the  single  symmetry  axis.  This  possible 
rotation  actually  occurs,  as  shown  in  the  memoirs  on  the  potassium, 
rubidium,  and  cpesium  salts,  in  accordance  with  the  rule  connecting  the 
atomic  weight  of  the  alkali  metal  with  the  amount  of  rotation.  It  is 
now  found  that  the  rotation  in  the  case  of  replacing  potassium  by 
ammonium  is  such  as  to  leave  the  four  positions  of  the  ellipsoid,  for 
the  four  salts  of  any  group,  in  the  order  of  their  molecular  weights, 
the  ammonium  salt  being  at  one  end  of  the  swing  and  the  cpesium  salt 
at  the  other. 

The  refractive  indices  of  the  ammonium  salt  of  any  group  lie  between 
those  of  the  rubidium  and  caesium  salts,  the  values  being  generally 
closer  to  those  of  the  rubidium  salt.  The  mean  refractive  index  shows 
the  same  relationship,  but  the  value  approaches  towards  that  of  the 
caesium  salt  as  the  molecular  weight  of  the  salt  rises. 

The  axial  ratios  (relative  axial  dimensions)  of  the  optical  ellipsoid 
of  any  ammonium  salt  are  also  intermediate  between  those  of  the 
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analogous  rubidium  and  ctesium  salts,  and  in  general  much  nearer  to 
those  of  the  rubidium  salt. 

The  specific  refractions  and  dispersions  follow  the  order  of  the  mole- 
cular weights  of  the  salts. 

The  molecular  refo'action,  both  the  three  directional  values  and  the 
mean,  of  each  ammonium  salt  is  very  close  to  the  value  for  the 
analogous  rubidium  salt,  being  just  slightly  higher  than  (on  the 
ceesium  side  of)  that  value. 

It  has  now  been  shown  with  respect  to  the  three  properties  which 
refer  to  the  fundamental  structural  unit  of  the  crystals,  namely,  the 
molecular  volume,  the  topic  axes,  and  the  molecular  refraction  (a 
measure  of  the  molecular  effect  on  the  velocity  of  light  tiansmission), 
that  the  ammonium  salt  of  any  group  of  the  series  yet  studied  behaves 
almost  exactly  like  the  rubidium  salt.  It  was  similarly  previously 
shown  with  regard  to  the  molecular  constants  of  ammonium  sulphate 
that  the  place  of  this  salt  in  the  sei-ies  of  alkali  sulphates  is  immedi- 
ately after  rul)idium. 

With  respect  to  the  properties  of  the  crystals  themselves,  they  are 
found  to  be  of  two  kinds.  Those  of  the  one  kind  follow  the  order  of 
the  molecular  weights,  in  which  case  the  ammonium  salt  stands  first  in 
the  series  ;  in  this  category  come  the  densities,  the  rotation  of  the 
optical  ellipsoid,  and  the  specific  refraction  and  dispersion.  Thus, 
while  the  whole  of  the  properties  of  the  crystals  of  the  potass- 
ium, rubidium,  and  csesium  salts  have  been  shown  to  be  functions  of 
the  atomic  weight  of  the  alkali  metal,  and  therefore  of  the  molecular 
weight  of  the  whole  salt,  only  these  four  properties  obey  a  similar  law 
in  the  case  of  the  ammonium  salts,  at  once  marking  an  essential  differ- 
ence between  the  ammonium  complex  and  an  alkali  metal.  In  those 
of  the  other  kind,  the  ammonium  salt  occupies  positions  which  vary 
for  the  different  properties  from  a  position  quite  close  to  the  rubidium 
salt  and  just  beyond  it  on  the  csesium  side,  to  one  closely  approxima- 
ting to  that  of  the  cpesium  salt.  In  this  class  fall  the  interfacial 
angles,  the  monoclinic  axial  angle,  the  three  refractive  indices  (corre- 
sponding to  the  three  axes  of  the  optical  ellipsoid),  the  mean  refractive 
index  for  the  whole  crystal,  the  double  refraction,  and  the  axial  ratios 
of  the  optical  ellipsoid. 

It  will  be  interesting  to  see  whether  these  three  main  results  concern- 
ing matters  of  indubitable  fact  as  regards  the  groups  now  investi- 
gated are  true  equally  for  other  groups  of  the  series,  to  which  the 
author  intends  to  turn  his  attention.  In  the  meantime,  ample  scope  is 
afforded  for  speculation  as  to  their  meaning,  and  particularly  as  to  the 
spacial  conditions  which  permit  of  the  replacement  of  2  atoms  of  the 
alkali  metal  potassium  by  10  atoms  of  the  two  ammonium  complexes, 
with  no  more  effect  on  the  crystallographical  characters  and  on  the 
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dimensions  and  properties  of  the  fundamental  structural  unit  than  if 
merely  an  exchange  for  two  caesium  atoms  had  occurred,  and  indeed,  in 
general,  with  but  slightly  more  effect  than  if  the  two  replacing 
metallic  atoms  had  been  those  of  rubidium.  Leaving  speculation 
entirely  aside,  however,  one  further  important  fact  would  appear  to 
be  proved  and  to  stand  out  from  this  investigation,  namely,  that  the 
space  defined  by  the  topic  axes  is  not  filled  with  matter,  but  that 
relatively  large  intermolecular  free  spaces  occur,  in  which  these  extra 
atoms  can  be  readily  stowed  away.  The  optical  results  further  indicate 
that  the  spaces  are  not  only  intermolecular  but  also  interatomic. 


CXIX. — Topic  Axes,  and  the  Topic  Parameters  of  the 
Alkali  Sulphates   and  Selenates. 

By  Alfred  Edwin  Howard  Tutton,  M.A.,  D.Sc,  F.R.S. 

The  conception  of  "topic"  axial  ratios  (also  called  "  topic  axes"  and 
"topic  parameters  "),  employed  simultaneously  by  Muthmannand  the 
author,*  has  proved  a  most  fruitful  one,  and  these  constants  are  now 
currently  used  as  the  best  expr-ession  of  the  fundamental  structural 
relationship  between  the  crystals  of  any  series  of  isomorphous  salts. 
The  author  has  defined  them  as  representing  "  the  relative  distances 
apart  of  the  centres  of  contiguous  structural  units,  or  groups  of  units 
(if  the  crystal  structure  consists  of  more  than  one  kind  of  unit,  together 
corresponding  to  the  chemical  formula),  along  the  directions  of  the 
three  morphological  axes."  They  further  represent  in  simple  cases 
the  relative  lengths,  for  the  different  members  of  the  series,  of  the 
edges  of  the  elementary  parallelepipedon,  of  which  the  volume  is 
represented  by  the  molecular  volume,  and  the  mutual  relations  of  the 
edges  are  represented  by  the  crystallographical  axial  ratios. 

If  the  structural  units  were  closely  packed  in  absolute  contact  on 
all  sides  with  each  other,  and  were  solid  matter  throughout,  the  tojiic 
axes  would  further  represent  the  relative  sizes  of  the  chemical  mole- 
cules. For  the  structural  units,  the  crystal  elements,  have  been  shown 
by  the  author  to  be  identical  with  the  chemical  molecules  in  the  cases 
of  all  the  salts  investigated,  A  crystal  is,  however,  certainly  not 
solid  throughout,  the   work    on    the   ammonium  salts  just   described 

*  Muthmaiin  was  the  first  to  irablish  [Zeit.  Kryst.  Min.,  1894,  22,  497),  but  the 
author  had  been  ah-eady  employing  the  idea  independently  for  several  nionthsi 
although  the  memoir  embodying  the  results  was  not  published  until  shortly  after- 
wards (Trans.,  1894,  65,  628).  ' 
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having  proved  conclusively  that  there  are  relatively  very  large  inter- 
spaces, so  that  the  amount  of  actual  matter  in  the  space  defined  by 
the  topic  axes  is  small ;  moreover,  if,  as  is  suggested  by  the  optical 
results  for  the  ammonium  salts,  there  are  interatomic  as  well  as 
intermolecular  spaces,  the  amount  of  actual  matter  is  probably  very 
small  indeed,  even  without  touching  the  question  of  the  complexity  of 
the  atoms  themselves  raised  by  (he  work  of  J.  J.  Thomson,  and  the 
consequent  possible  further  interelectronic  spaces. 

The  investigation  of  the  ammonium  salts  has  thus  established 
experimentally  as  a  fact  the  surmise  as  to  the  existence  of  interspaces 
which  was  expressed  by  the  author  in  the  paper  communicated  in 
1894  (p.  659)  in  the  words  :  "They  "  (the  topic  axes)  "  do  not  repre- 
sent the  dimensions  of  the  crystal  element,  because  we  are  ignorant  of 
the  relations  between  the  actual  substance  of  the  molecules  and  the 
amount  of  interspace  between  them." 

For  the  purpose  of  the  calculation  of  the  topic  parameters  oi  a 
crystallised  substance,  it  is  obviously  important  that  the  type  of 
homogeneous  structure  present  should  be  correctly  determined.  The 
conclusion  of  Fedoroff  {Zeit.  Kryst.  Min.,  1902,  35,  129)  that  all  the 
known  types  of  homogeneous  structure  as  seen  in  crystals  may  be 
referred  to  two  great  classes,  the  pseudo-cubic  and  pseudo-hexagonal, 
has  been  alluded  to  in  the  preceding  memoir.  Reasons  have  been 
given  for  rejecting  the  inclusion  of  the  monoclinic  double  sulphates 
and  selenates  in  the  latter  class,  their  ct-ystals  being  widely  different 
from  the  truly  hexagonal  type.  The  case  of  the  rhombic  normal  sul- 
phates and  selenates  of  the  alkalis,  however,  is  very  different,  and  the 
approach  to  a  truly  hexagonal  type  is  here  so  close  that  the  primary 
prism  angles  differ  by  less  than  1°  from  60°.  Indeed,  the  pseudo- 
hexagonal  character  of  the  crystals  of  these  salts  has  long  been  noted, 
and  the  still  more  remarkable  tendency  to  form  triplet  crystals  re- 
sembling hexagonal  pyramids  has  for  many  years  figured  in  text-books 
of  crystallography  in  the  cases  of  the  better  known  sulphates  of 
potassium  and  ammonium. 

An  excellent  example  of  a  single  crystal  of  rubidium  sulphate 
resembling  a  hexagonal  pyramid  is  shown  in  Fig.  9  on  p.  639  of  the 
sulphate  memoir  (Trans.,  1894),  and  Fig.  4  on  p.  855  of  the  selenate 
memoir  (Trans,,  1897)  represents  a  characteristic  triplet  of  potassium 
selenate. 

There  is  in  this  case,  therefore,  every  reason  for  accepting  Fedoroff's 
view  that  the  space-lattice  system  representing  graphically  the  homo- 
geneous structure  is  a  pseudo-hexagonal  one.  The  crystals,  however, 
are  not  of  truly  hexagonal  symmetry,  but  belong  to  the  rhombic 
system  of  symmetry,  as  fully  described  in  the  1894  and  1897 
papers,  and    as  such    are  optically  biaxial.     Hence    in    the   author's 
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memoirs  on  the  salts  of  this  series  {loc.  cit.)  the  topic  axes 
were  calculated  on  the  assumption  that  the  elementary  parallele- 
pipedon  is  a  right-rhombic  prism,  the  edges  of  which  are  parallel  to 
the  crystallographical  axes  and  proportional  to  the  lengths  of  those 
axes,  whilst  its  relative  volume  is  represented  by  the  molecular  volume. 
In  view  of  the  remarkably  close  approximation  to  hexagonal  symmetry, 
however,  it  appears  of  interest  to  recalculate  the  topic  axes  on 
Fedoroff's  assumption  that  the  correct  setting  up  of  the  crystal  is  that 
based  on  a  pseudo-hexagonal  lattice  system. 

In  doing  so,  it  is  assumed  that  there  has  been  a  slight  deformation 
from  truly  hexagonal  symmetry,  that  a  rhombus  of  60°  angle  has  been 
slightly  flattened  to  one  of  approximately  59|°,  the  exact  angular 
deformation  varying  in  the  different  .'^alts  of  the  series  from  59^^24'  to 
59°49'.  The  arrangement  of  the  crystal  will  be  gathered  from  the 
figure.     The  crystal  is  supposed  to  be  rotated  90°  about  the  vertical 


axis,  so  as  to  bring  it  into  the  position  corresponding  to  the  normal 
hexagonal  prism  and  pyramid  usually  referred  to  as  of  the  first  order. 
The  hexagon  represents  the  plan  of  the  hexagonal  prism,  and  the  six 
triangles  into  which  the  hexagonal  axes  divide  it  represent  the  corre- 
sponding pyramid.  The  former  is  built  up  of  the  two  pairs  of  primary 
prism  faces,  j),  and  the  pair  of  brachypinacoid  faces,  b.  The  latter  is 
formed  by  the  four  primary  pyramid  faces,  o,  and  the  pair  of  brachy- 
dome  faces,  q'.  The  spots  at  the  corners  and  centre  represent  the 
points  of  the  point-  or  lattice-system. 

If  X,  "A'  ^  represent  the  new  topic  axes,  and  x'y  ^\  ^'  the  old  ones 
formerly  given,  then  the  direction  OA  of  the  rhombic  axis  a  is  that 
of  the  new  intermediate  topic  axis,  xj/,  and  is  identical  with  the  old 
topic  axis,  x'.  The  direction  OB  of  the  old  topic  axis,  if/',  correspond- 
ing to  that  of  the  rhombic  axis  b,  is  now  no  longer  a  topic  axial 
direction;  instead,  we  have  a  pair  of  equal  pseudo-hexagonal  topic 
axes,  x>  slightly  different  in  length,  however,  to  the  topic  axis  {{/.     The 
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rhombic  vertical  axis  c  is  equally  the  new  vertical  axis,  and  its 
direction  is  that  of  both  the  new  and  old  topic  axes,  w  and  a/.  If  V 
represents  the  molecular  volume,  the  values  of  the  new  topic  axes  are 
as  follows  : 


V  ac 


2c' V 


These  formula?  have  been  employed  in  calculating  the  values  of  the 
topic  axes  given  in  the  table  on  p.  1188.  They  are  identical,  with  the 
exception  of  the  interchange  (at  the  siiggestion  of  Prof.  Groth)  of  the 
values  of  x  ^^^  "A'  ""^i^^  those  employed  and  discussed  by  Gossner 
{Zeit.  Kryst.  Min.,  1904,  39,  167)  in  connection  with  his  interesting 
preparation  of  truly  hexagonal  crystals  of  glaserite,  K3Na(S04)2 ;  a 
comparison  was  made  of  its  topic  axes  with  those  of  potassium  sulphate 
regarded  as  pseudo-hexagonal. 

It  has  also  appeared  desirable  to  revise  the  densities  of  these  salts 
by  effecting  new  determinations  wherever  possible  by  the  suspen- 
sion method,  as  for  the  double  sulphates  and  selenates  described  in 
the  preceding  communication. 

Only  three  of  the  salts,  potassium  sulphate,  potassium  selenate,  and 
ammonium  sulphate,  are  eligible  for  the  direct  application  of  the  sus- 
pension method,  the  rubidium  and  ca3sium  salts  being  of  greater  density 
than  methylene  iodide,  the  heaviest  immersion  liquid  available. 
The  specific  gravities  of  these  three  salts  have  therefore  been  again 
determined  by  the  suspension  method  in  the  manner  specified  in  the 
preceding  memoir. 

Valuable  information,  however,  was  gained  in  the  redetermina- 
tion of  the  densities  of  the  double  salts,  which  enables  a  revision 
of  the  densities  of  the  rubidium  and  caesium  sulphates  and  selenates  to 
be  made  in  an  adequately  comparable  manner.  For  it  has  been  found 
that  the  value  afforded  by  the  suspension  method  has  generally  been 
almost  identical  with  the  highest  of  the  individual  values  obtained  by 
the  pycnometer  method  as  carried  out  with  the  powdered  salt.  Hence, 
if  the  highest  value  published  in  the  memoirs  (Trans.,  1894  and  1897) 
on  the  simple  sulphates  and  selenates  for  each  of  the  rubidium  and 
cfesium  salts  is  accepted  instead  of  the  mean  value,  these  values  will 
be  comparable  with  those  for  the  density  of  the  potassium  and 
ammonium  salts  obtained  by  the  suspension  method.  In  the  recalcu- 
lations of  the  topic  axes,  therefore,  these  values  for  the  densities  have 
been  employed. 
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Redeterminations    of    Density    of    Potassium    Sulphate    and    Selenate 
and  Ammonium  Sulphate  by  Suspension  Method. 

Potassium  Sulphate. 

For  2074°. 

For  10-474° 2-6650  2-6640 

,,     16-874° 2-6661  2-6652 

„     18-474° 2-6650  2-6646 

,,     18-l°/4° 2-6657  2-6652 

Mean 2-6648 

The  value  derived  from  the  use  of  the  suspension  method  with 
small  single  crystals  for  2074°  may  thus  be  taken  as  2-665.  The 
highest  value  obtained  by  the  pycnometer  method  for  the  poAvdered 
salt  was,  however,  a  unit  higher,  2-6660,  and  this  value  is  accepted  as 
being  probably  nearest  the  truth  for  absolutely  cavity-free  crystals. 
It  is  identical  with  Retgers'  value. 

Potassitim  Selenate. 

For  2074°. 

For  16-774'' 3-0066  3-0656 

,,     17-874° 3-0692  3-0685 

,,     l7-6°/4° 3-0650  3-0643 

„     17-574° 3-0671  3-0663 

,,     17-574° 3-0696  3-0688 

Mean 3-0667 

The  value  accepted  for  20°/'4°  for  the  suspension  method  is,  there- 
fore, 3-067.  This  is  also  identical  with  the  highest  individual  result 
of  the  pycnometer  determinations  with  the  powdered  salt. 

Ammonium  SulpJiate. 

For  20°/4° 

For  16-974° 1-7724  1-7719 

,     17-074° 1-7720  1-7715 

,,     17-2°/4° 1-7719  1-7714 

„     15-374° 1-7726  1-7718 

,      16-5°/4° 1-77-22  1-7716 

Mean 1-7716 

The  value  accepted  for  2074°  is  therefore  1-772.  This  is  0-003 
higher  than  the  highest  of  the  pycnometer  determinations  with  the 
powdered  salt,  but  is  0*002  lower  than  Retgers'  value.  The  author 
has  made  no  less  than  ten  determirations  by  the  suspension  method 
with  different  material,  all  consisting  of  small,  perfect  crystals  excep- 
tionally free  from  cavities,  but  none  of  the  results  is  higher  than 
those  now  recorded.     Hence  1- 77 2  appears  to  be  the  true  density  of 
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the  particularly  pure  and  in  every  way  excellent  crystals  prepai'ed  by 
the  author  for  the  goniometrical  and  optical  work  described  in  the 
memoir  on  this  salt  (Trans.,  1903,  83,  1049). 

Ammonium  selenate  is  not  included,  for  up  to  the  present  the  author 
has  not  succeeded  in  obtaining  rhombic  crystals  of  ihis  salt  iso- 
morphous  with  the  others,  but  hopes  shortly  to  carry  out  a  complete 
investigation  concerning  it. 


New   Values  for  Densities  and    Molecular  Volumes,  also  Axial  Ratios^ 
of  Alkali  Sulphates  and  SeleiuUes. 


Salt. 

Density. 

Molecular 
weight 
(H  =  l). 

Molecular 

volume 

V. 

Ratio  of  Axes. 
a  :  b  :  c 

K2SO4  

2-666 
3-615 
1-772 
4-246 

3-067 
3-902 
4-456 

173-04 
265-14 
131-20 
359-14 

219-82 
311-92 

405-92 

64-91 
73-34 
74-04 

84-58 

71-67 
79-94 
91-09 

0-5727  •  1  •  0-7418 

Rb2S04      

0-5723  •  1  •  0-7485 

(NH4),S0.  

0  5635  :  1  •  0-7319 

CS2SO4 

K2Se04    

0-5712  :  1  :  0-7531 
0-5731  :  1  :  0-7319 

Rb2Se04  

0-5708  :  1  :  0-7386 

CsoSe04    

0-5700  :  1  :  0-7424 

Topic    Parameters  of  Alkali    Sulphates    and    Selenates    for  a  pseudo- 
Hexagonal  Space  Lattice. 


Salt. 


K0SO4    

RboSOj 

(NH,)2S04 

CS2SO4 

K2Se04 

Rb2Se04    .. 
Cs2Se04     .. 


-0304 

-0792 

1883 

-2187 

0-291 

1381 

1672 

1785 

3457 

3-8574 


1465 


•0039 
•0051 

1849 

■0068 

] 

1315 

] 
3040 


1247 

1725 


4-9964 


2366 
2020 


5175 
1171 


2290 


The  tables  give  a  comparison  of  the  densities,  molecular  volumes, 
and  topic  axial  ratios  of  the  seven  salts  of  the  series,  together  with  the 
molecular  weights  *  used  in  calculating  the  molecular  volumes,  and  the 

*  All  molecular  Aveights  in  this  and  the  preceding  coninmnicatlon  are  based  on  the 
international  atomic  weights,  1905,  for  H  =  l. 
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crystallographical  axial  ratios  (taken  from  the  1894,  1897,  and  1903 
memoirs)  which  are  required  along  with  the  volumes  for  the  calculation 
of  the  topic  axes. 

The  conclusions  drawn  in  the  former  communications  for  a  rect- 
angular rhombic  space-lattice  are  seen  from  these  tabulated  results  to 
be  still  valid  for  a  pseudo-hexagonal  space  lattice.  They  ai-e  briefly 
as  follows  : 

(1)  An  increase  in  the  atomic  weight  of  the  alkali  metal  is  accom- 
panied by  an  extension  of  all  the  topic  parameters,  that  is,  by  an 
increase  in  the  separation  of  the  structural  units  along  each  of  the 
directions  of  the  pseudo-hexagonal  axes. 

(2)  The  increase  augments  as  the  atomic  weight  rises,  so  that  the 
intermediate  values  for  the  rubidium  salt  are  somewhat  nearer  to  those 
for  the  potassium  salt  than  to  those  for  the  cassium  salt. 

(3)  A  similar  extension  of  the  topic  parameters  accompanies  the 
replacement  of  sulphur  by  selenium. 

(4)  The  topic  parameters  of  ammonium  sulphite  are  very  close  to 
those  of  rubidium  sulphate,  and,  on  the  average,  ammonium  sulphate 
occupies  a  position,  as  regards  its  dimensions  in  space,  just  beyond 
that  of  rubidium  sulphate  on  the  ceesium  sulphate  side. 

The  chief  difference  shown  by  the  new  topic  parameters  is  that  the 
values  for  the  pair  of  equal  parameters  ^  and  for  the  third  horizontal 
parameter  \j/  are  very  nearly  equal ;  they  would  be  all  three  identical 
if  the  crystals  were  truly  hexagonal.  The  closeness  of  x  and  i//  is  an 
excellent  demonstration  of  the  nearness  to  true  hexagonal  symmetry. 
The  vertical  parameter  w  is  in  every  case  considerably  greater  than 
the  horizontal  parameters. 

It  is  clear,  however,  that  all  the  author's  former  couclusions  regard- 
ing the  influence  of  atomic  weight  on  the  crystal  structure,  the  position 
of  ammonium  near  rubidium  in  the  alkali  series,  and  the  consequent 
existence  of  intermolecular  and  interatomic  spaces  are  not  only  fully 
substantiated,  but  even  more  elegantly  demonstrated  by  adopting 
Fedoroff's  view  as  to  the  pseudo  hexagonal  nature  of  the  space-lattice 
and  the  correct  "setting  up"  ("  Richtige  Aufstellung ")  of  the 
crystals  corresponding  thereto. 
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CXX. — The  Relation  of  Position  Isomerism  to  Optical 
Activity.  IV,  The  Rotation  of  tlie  Menthyl  Esters 
of  the  Isomeric  Nitrohenzoic  Acids, 

By  Julius  Berbnd  Cohen  and  Henry  Percy  Armes. 

In  continuation  of  former  work  on  this  subject  (Trans.,  1903,  83, 
1213;  1904,  85,  1262,  1271),  we  have  examined  the  menthyl  esters  of 
the  three  nitrohenzoic  acids. 

The  esters  were  obtained  by  the  method  previously  described  in 
former  papers,  namely,  by  converting  the  acid  into  the  acid  chloride 
and  combining  the  latter  with  menthol. 

Menthyl  o-Nitrohenzoate. — Twenty  grams  of  nitro-acid  were  heated 
with  26 '5  grams  of  phosphorus  pentachloride  on  the  water-bath  until 
further  action  had  ceased.  The  product  was  heated  to  110°  in  vacuo  to 
remove  the  greater  part  (17  grams)  of  the  phosphorus  oxychloride.  The 
residue  was  then  frozen  in  ice  and  extracted  with  light  petroleum  to 
remove  the  remainder  of  the  oxychloride.  "When  the  whole  of  the 
oxychloride  is  removed,  the  o-nitrobenzyl  chloride  remains  solid  at  the 
ordinary  temperature,  and  is  not  a  liquid  as  described  by  previous 
observers.  It  is  a  colourless,  crystalline  compound,  which  melts  at 
21 — 23°.  Fifteen  grams  of  the  pure  acid  chloride  were  heated  in  the 
oil-bath  with  an  equal  weight  of  menthol.  The  action  set  in  vigorously 
at  110 — 120°,  and  when  the  evolution  of  hydrogen  chloride  ceased  the 
product  was  made  alkaline  with  sodium  carbonate  and  distilled  in  steam 
until  every  trace  of  free  menthol  was  removed.  The  residue  was  ex- 
tracted with  ether,  dehydrated,  and  the  ether  removed  by  distillation. 
The  light  brown,  solid  residue,  when  crystallised  from  alcohol,  formed 
large,  colourless  prisms  which  melted  at  62 — 64°  ;  20  grams  of  acid 
yielded  21  grams  of  ester.  A  second  preparation  was  made  in  the  same 
way,  and  the  product  was  found  to  be  identical  with  the  first. 

0'5115  gave  31  c.c.  moist  nitrogen  at  15°  and  746  mm,  N  =  4'81. 
Ci7Ho30^ISr  requires  N  =  4'59  per  cent. 

The  following  rotations  were  observed  :   {1  =  30-2  mm.). 


Preparation  I. 

'emperature. 

Rotation. 

Density. 

[.<■ 

[M]^. 

100° 

-38-422'' 

1-050 

-121-2° 

-369-5' 

SO 

39  -952 

1-058 

1-25-0 

381-5 

70 

40-380 

1-073 

124-6 

380-3 

65 

40 -022 

1-078 

124-8 

380-9 

ISOMERISM    TO   OPTICAL   ACTIVITY.      IV. 
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Temperature. 

100" 
80 
70 
65 


Rotation. 

-38-511° 
39-770 
40-210 


Preparation  II. 

Density. 

1-050 
1-058 
1-073 
1-078 


-121-4" 
1-24-4 
1-24-0 
125-0 


-370-5" 
379-7 
378-4 
381-5 


Menthyl  m-Mtrobenzoate. — This  substance  was  prepared  by  heating 
together  equal  parts  of  ??i-nitrobenzoyl  chloride  (Kahlbauin)  and  men- 
thol, the  reaction  beginning  at  115 — 120°,  The  purification  of  the 
ester  was  conducted  in  the  manner  described  under  the  ortho-compound. 
The  substance  is  a  viscid  liquid,  having  a  light  brown  colour,  no  doubt 
due  to  traces  of  impurity.  A  second  preparation  gave  a  similar  pro- 
duct. Neither  substance  showed  any  signs  of  crystallisation  even  in 
a  mixture  of  ice  and  salt. 

0-4914  gave  20*8  c.c.  moist  nitrogen  at  17-5°  and  744  mm.  N  =  4-9. 
Cj-HggO^N  requires  N  =  4-59  per  cent. 


-250-3" 
253-1 
252-0 
250-4 
250 '8 
251-9 


•250-2 
253-7 
252-4 
251-8 
252-4 
252-6 


Menthyl  -p-Nitrobenzoate. — The  method  used  in  the  preparation  of  this 
substance  was  the  same  as  that  previously  described.  In  one  case, 
5  gi-ams  of  acid  chloride  gave  9  grams  of  ester,  and  in  another,  20  grams 
of  acid  chloride  gave  27  grams  of  ^ster.  The  ester  when  pure  is  a 
colourless  solid  which  crystallises  from  alcohol  in  long  prisms  and 
melts  at  61 — 63°.     Both  preparations  had  the  same  melting  point. 

0-5809  gave  23*9  c.c,  moist  nitrogen  at  15°  and  744  mm.     N  =  4-81. 
Cj^HogO^N  requires  N  =  4*59  per  cent. 


The  following 

rotations 

were  observed 

P^ 

•ejxtratioa 

/. 

Temperature. 

Rotatiou, 

Density. 

i<- 

100° 

-25-980° 

1-049 

-82-04° 

80 

26-450 

1-056 

82-92 

70 

26-674 

1-071 

82-54 

65 

26-784 

1-081 

82-06 

40 

27-266 

1-097 

82-17 

20 

27-885 

1-llS 

82-52 

P> 

ejMration 

//. 

100 

25-972 

1-049 

82-00 

80 

26-520 

1-056 

83-14 

70 

26-757 

1-071 

82-71 

65 

26-920 

1081 

82-49 

40 

27-430 

1-097 

82-71 

20 

27-933 

1-118 

82-77 
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The  following  rotations  were  observed  : 


Preparation 

/. 

Temperature. 

Rotation. 

Density. 

K- 

[MJC- 

100° 

-23-810° 

1-045 

-75-48° 

-230-4' 

80 

24-346 

1-058 

76-21 

232-7 

70 

24-736 

1070 

76-54 

233-6 

65 

25-040 

1-077 
Preparation 

11. 

76-94 

234-8 

100 

23-732 

1-045 

75-21 

229-6 

80 

24-254 

1-058 

75-93 

231  -8 

70 

24-742 

1-070 

76-49 

233-4 

65 

25-010 

1-077 

76-88 

234-7 

Conclusions. — The  results  of  the  above  investigation  confirm  our 
previous  observations  on  the  effect  of  position  isomerism  on  rotation. 
The  /j-nitro-group  has  the  least  and  the  o-nitro-group  the  greatest 
effect  on  the  rotation,  whilst  the  ?>i-nitro-group  occupies  an  inter- 
mediate position,  having  a  specific  i-otation  about  20°  higher  than  the 
para  compound.  The  main  difference  between  the  effect  of  the  nitro- 
group  and  that  of  the  halogens  previously  studied  is  that  whereas  the 
ortho-chlorine  or  bromine  atom  decreases  the  rotation,  the  nitro- 
group  enormously  increases  it.  This  may  be  seen  from  the  following 
table  : 

Menthyl  Benzoate,  [M]^'=  236-3°  (Tschugaeff). 


Menthyl 

nitro- 

benzoate 

(C.  and  A.). 

[M]L°. 

Menthyl 

chloro- 

benzoate 

(C.  and  B.). 

[M]f. 

Menthyl 

broino- 

benzoate 

(Tschugaelf). 

[M]f. 

ortho- 
meta- 
para- 

-381-2(65°) 
251-1  (65) 
234-8  (65  ) 

ortho- 
meta- 
para- 

-195-0° 
236-9 
237-3 

ortho- 
meta- 
para- 

-205-0° 
238-7 

238-8 

In  the  above  table,  the  constants  for  the  o-  and  /»-nitrobenzoic  esters 
are  taken  at  65°,  that  is,  the  lowest  temperature  at  which  the  substances 
remained  fused. 

In  regard  to  the  effect  of  temperature  on  the  constants  for  the 
thi^ee  nitro-esters,  it  will  be  seen  that  in  the  case  of  the  para  ester  the 
rotation  increases  steadily  with  decreasing  temperature. 

The  meta-ester  fluctuates  in  a  somewhat  remarkable  manner ;  the 
rotation  increases  as  the  temperature  falls  from  100°  to  80°,  and  it  then 
diminishes  until  the  temperature  passes  65°,  when  it  again  increases 
slightly  as   the  temperature  falls    to    20°.     The    ortho-ester    behaves 
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similarly.  The  differences  are  not  great  in  the  present  case,  but  they 
serve  to  illustrate  the  uncertainty  of  the  method  of  extrapolating 
from  a  few  observations  within  limited  ranges  of  temperature. 

The  authors  hope  to  publish  shortly  their  results  on  the  rotation  of 
the  ten  isomeric  chloronitrobenzoic  esters. 


APPENDIX.— By  R.  P.  D.  Graham,  B.A. 

J'oie  on  the  Crystallographic  and  Optical  Properties  of  the 
Mentlnjl  Esters  of  ortho-  and  para-Xitrohenzoic  Acids. 

Menthyl  o-Xitrohenzoate. — About  twelve  of  these  crystals,  obtained 
from  solution  in  alcohol,  were  received  from  Prof.  Cohen  for 
measurement  and  optical  determination.  The  crystals  were  well 
develoj)ed,  having  in  general  bright,  smooth  faces,  and  some  of  them 
were  more  than  15  mm.  long  and  5  mm.  across;  they  are  quite  trans- 
parent, the  faces  having  a  somewhat  brilliant  lustre ;  the  hardness  is 
rather  more  than  2  in  Mohs'  scale  ;  the  crystals  are  very  brittle,  and  show 
a  tendency  to  break  somewhat  easily  at  right  angles  to  the  prism  faces 
with  a  ilat-conchoidal  fracture  ;  there  is  a  perfect  cleavage  parallel  to 
yI(IOO). 

The  crystals  belong  to  the  orthorhombic  system,  and  are  prismatic 
inhabit;  they  all  exhibited  the  forms  .4{100],  J7{110},  i>[011},  but 
were  of  two  quite  distinct  habits.  In  the  first  of  these,  the  crystals 
are  flattened  parallel  to  ^4(100),  as  represented  in  the  figure,  and  in 
the  second  this  form  is  represented  by  a  pair  of  narrow  faces,  whilst 
the  rhombic  prism  i¥{110;  predominates. 

In  the  case  of  many  of  the  crystals  of  habit  (1),  the  faces  A  were  drusy, 
being  composed  in  reality  of  a  polysynthetic  growth  of  the  prisju 
JijllO}. 

Since  solutions  of  menthyl  o-nitrobenzoate  in  various  solvents  are 
optically  active,  it  became  a  matter  of  interest  to  observe  whether  the 
crystals  themselves  exhibit  hemihedrism  of  a  right-  and  left-handed 
character ;  and  evidence  that  such  actually  is  the  case  was  found  in 
the  occurrence  on  two  of  the  crystals  of  the  bisphenoid  0[lllj,  trun- 
cating alternate  edges  \_AD],  so  that  the  substance  belongs  to  the 
bisphenoidal  class  of  the  orthorhombic  system.  Further,  as  would  be 
expected  in  crystals  taken  from  the  same  solution,  the  orientation  of 
the  bisphenoid  was  the  same  on  both  specimens.  All  the  crystals 
examined  were  single  individuals — there  were  no  twin  crystals.  The 
measurement  of  the  crystals  gave  the  following  results  : 
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System :   Orthorhombic. 

Symmetry  :  Digonal  holoaxial  (bisplienoidal  class). 

a:  6:  0  =  1-4568: 1:0-8532. 

Observed  forms:  ^1{100!,  J/{110;,  i>|011!,  Ollli;. 


Fici.  1. — MciUhijl  o-nitrubc7i.~oatc. 


Angle. 

No. 

Limits. 

Meal). 

Caleidated. 

*.^J/=100 

110 

19 

■ 
"  55°12'  —  55°42' 

55°32' 

MM  ^110 

110 

9 

!       68  21    —  69  241 

68  54 

CS''56' 

AO  =100 

111 

4 

'       65  56i  —  66  6  " 

66    0 

65  59i 

OD  =111 

oil 

5 

23  48    —  24  Zh 

23  501 

24    03 

MO  =110 

111 

— 

— 

— 

44  n 

MD  =110 

on 

32 

57  12    —  58  1 

57  37i 

57  382 

*DD  =011 

OTl 

20 

'       80  41    —  81  8 

S0  56i 

_ 

00    =111 

III 

— 

— 

— 

91  57^ 

00    =111 

111 

— 

— 

— 

131  584 

DD  =011 

on 

13 

98  30    —  99  23 

99    2 

99    3| 

MD  =110 

Oil 

33 

!     121  17    —122  59 

122  23 

122  2U 

101 

101 

— 

1                    

1 

60  42i^ 

Angles  used  for  calculations. 


OjAical   Properties. 

Viewed  between  crossed  nicols  in  parallel  light,  the  cleavage  frag- 
ments show  straight  extinction  with  the  prism"  edges,  and  in  con- 
vergent light  a  symmetrical  figure  is  obtained,  but  no  optic  axes  are 
visible,     the    cleavage    being    perpendicular    to    the    obtuse  bisectrix. 
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Compensation  takes  place  when  the  quartz  wedge  is  inserted  over  the 
crystal  with  its  axis  along  the  prism  edges. 

As  already  mentioned,  the  crystals  hreak  rather  easily  in  a  direction 
at  right  angles  to  the  prism  faces,  and  sections  cut  in  this  direction 
exhibit  the  acute  bisectrix  emerging  normally.  The  biaxial  interfer- 
ence figure  obtained  is  symmetrical,  but  broad  fringes  of  colour  take 
the  place  of  the  usual  black  hyperbolic  brushes,  owing  to  the  strong 
dispersive  power  of  the  substance ;  the  fringes  are  blue  on  the  con- 
vex side  and  red  on  the  concave  (p<v).  The  extent  of  the  dispersion 
was  measured  by  determining  the  refractive  indices  of  the  substance 
for  red,  yellow,  and  green  light,  and  is  given  below.  The  birefrin- 
gence is  strong  and  negative. 

The  optic  axial  angle  (for  sodium  light)  was  determined  both 
in  air  (2 A')  and  also  when  the  crystal  was  immersed  in  oil  (2if)  ;  the 
results  are  given  below,  together  with  the  true  (internal)  angle 
between  the  optic  axes  {2V)  as  calculated  from  the  observed  angles 
2Ea  and  2 Ho  (for  cedar  oil). 

The  angle  110  :  lIO  for  this  substance  being  not  far  removed  from 
60°,  renders  a  natural  prism  very  convenient  for  the  measurement  of 
the  refractive  indices,  double  refiaction,  and  dispersion ;  and  in  such  a 
prism,  used  to  determine  the  indices  by  the  method  of  minimum 
deviation,  the  light  travels  through  the  crystal  along  the  crystal-axis  b, 
which  is  perpendicular  to  the  plane  of  the  optic  axes,  so  that  the  two 
indices  obtained  correspond  to  the  maximum  and  minimum  refraction 
(•y  and  a),  and  their  difterence  gives  a  true  measure  of  the  double 
refraction  (y  -  a).     The  remaining  index,   (3,   is   calculated  from  the 

optic  axial  angle  by  the  formula  ^  =  ^^. — yr-^  ,  fx.  being  the  refractive 

index  of  the  oil  in  which  the  crystal  was  immersed  to  give  i/,t. 

All  the  above  optical  characters  are  tabulated  below. 

Birefringence,  negative,  strong. 

Axial  plane,  i/(010)  ;  Ac.  Bis.  J-  6'(001). 

Refractive  indices  : 

Red  (Li).  YeUow  (Na).  Greeu  (Tl). 

a   1-49270  149657  1-50033 

fi  —  1-5203  — 

7  .-■       1-5C591  1-57219  1-57812 

y~a 0-07321  0-07562  0-07779 

Dispersion,  very  strong,  p<v. 

Axial  angle  narrow  ;  for  sodium  light  : 

2  F=  30^32'  :  2^  =  47^24'. 
2Z/„  =  31°55'  (Olive  oil,  /x=  1-4707). 
2//a  =  30°25'  1  ,.,   ,        .,  ,  ^.., 
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Pleocliroism  slight ;  the  crystal  is  pale  brown  when  the  short  axis  of 
the  nicol  is  parallel  to  the  crystallographic  axis  C,  darker  when  it  is 
parallel  to  B,  and  a  still  deeper  brown  when  it  coincides  with  A. 

Mentliyl  ip-Mtrobenzoate. — These  are  pale  yellow  crystals,  obtained 
from  solution  in  alcohol ;  they  are  of  prismatic  habit  and  vary  in 
length  from  1  or  2  mm.  to  about  5  mm.  They  are  extremely  soft  and 
easily  break,  either  with  a  conchoidal  to  uneven  fracture,  or  else 
along  the  face  7^(010),  parallel  to  which  there  is   a  perfect  cleavage 


Fig. '2. — Mcntltyl  \)-nitrohcnzoutc. 

The  more  perfect  crystals  are  transparent,  and  the  faces  in  the  prism 
zone,  especially  the  cleavage  surfaces,  have  a  brilliant  lustre  suggestive 
of  a  high  refractive  power.  The  followiug  geometrical  relatioQS  were 
calculated  from  measurements  made  on  15  crystals  : 

System  :  Orthorhombic. 

Symmeti-y  :  ?  Holosymmetric  (Bipyramidal). 

a:h\c  =0-46622  :  1  :  0-43349. 

Observed  forms  :  ^{010},  J/{110}, //{210j,  ^{230},  Z>{101},  #(011}, 
Z{012}.  •% 


i 
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Angle. 

No. 

Limits. 

Mean. 

Calculated. 

•J/3/=110:110 

8 

49°564'—  50°  41' 

49°59i' 

_ 

HE  -210  :  210 

— 

— 

— 

26°144' 

Zr  =230  :280 

. 

. 



69  56 

EE  =011  :  Oil 







46  521 

LL   =012  :012 

8 

24    6^  —  24  47| 

24  30 

24  274 

DD  =101  :  101 

4 

85  37    —  86    3 

85  51 

85  50 

BM  ^010  :110 

18 

64  57    —  65    4 

65    Oi 

65    OJ 

*BE  =010  :  Oil 

16 

66  201  _  66  48 

66  33$ 

— 

EL   =011  :012 

12 

11    O"  —  11  36| 

11  114 

11  124 

BK  =010  :230 

4 

54  27    —  55  274 

55    4 

55    2 

KM  =230  :  110 

5 

9  374  —  10  30 

10    0 

9  581 

HM  =2l(i  :  no 

3 

11  45    —  12    2 

11  53 

11  524 

J/^  =110  :  Oil 

13 

80    0    —  80  34 

80  191 

80  192 

MD  =110  :  101 

8 

51  38    -  52    2 

51  521 

51  534 

DE  =101  :  Oil 

13 

47  32    —  48    U 

47  48i 

47  47 

*  Angles  used  for  calculations. 

The  majority  of  the  crystals  were  prisms  terminated  at  each  end  by 
a  broken  surface ;  but  a  number  were  picked  out  bearing  faces  at  the 
ends  which  gave  good  images  of  the  collimator  slit ;  most  of  the  latter 
exhibited  faces  of  the  domes  ^{011}  and  Vfill];  Z){101}  was  less 
common,  and  the  forms  H{2\^]  and  /ir{230}  were  only  found  as  narrow 
faces  in  a  few  cases.  These  crystals  were  in  many  cases  doubly 
terminated,  and  were  found  to  bear  the  same  forms  at  each  end ;  the 
usual  habit  is  represented  in  the  figure.  Some  of  the  crystals,  how- 
ever, were  extremely  thin  plates  with  bevelled  edges  ;  the  measurement 
of  these  showed  that  in  all  cases  the  flattening  is  pai-allel  to  B{0\0\. 

Although  solutions  of  this  substance  exhibit  optical  activity,  none 
of  the  crystals  measured  showed  any  indication  of  hemihedrism ;  the 
forms  observed,  lying  as  they  do  in  the  thi-ee  principal  zones  only, 
would  not  be  affected,  so  far  as  the  number  of  faces  they  exhibit  is 
concerned,  by  enantiomorphous  hemihedrism. 

In  order  to  obtain  evidence  of  the  true  symmetry,  a  number  of  the 
crystals  were  exposed  to  the  action  of  solvents,  and  the  minute  pits 
etched  on  the  faces  were  examined ;  the  etching  was  conveniently 
effected  by  momentarily  introducing  a  crystal  just  within  the  neck  of 
a  bottle  containing  benzene,  when  the  vapour  produces  a  number  of 
small  pits  all  over  the  previously  plane  surfaces  ;  but  no  evidence  was 
obtained  from  the  examination  of  the  etched  figures  which  would  lead 
to  the  view  that  the  ci-ystals  are  other  than  holosymmetric. 

No  evidence  of  twinning  was  found  among  the  crystals  examined. 
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Oj^tical  Froperties. 

The  crystals  extinguish  parallel  to  the  prism  edges  when  viewed 
through  the  faces  M  or  £  between  crossed  nicols  in  parallel  light. 
That  the  birefringence  is  very  strong  is  shown  by  the  fact  that  even 
very  thin  flakes  yield  white  of  higher  orders  between  crossed  nicols, 
and  also  by  the  thickness  of  quartz  required  to  compensate.  When 
thin  cleavage  flakes,  parallel  to  5(010),  are  examined,  the  quartz 
wedge  compensates  when  it  is  placed  over  the  crystal  with  its  axis 
perpendicular  to  the  prism  edges. 

In  convergent  light,  an  optic  axis  belonging  to  a  biaxial  interference 
figure  emerges  well  within  the  field  of  view  in  air  when  the  crystal  is 
lying  on  a  face  J/JllO},  and  the  axial  plane  is  seen  to  lie  at  right 
angles  to  the  prism  edges ;  the  obtuse  bisectrix  (positive)  emerges 
normally  through  cleavage  flakes.  To  measure  the  acute  angle  between 
the  optic  axes,  it  is  therefore  necessary  to  cut  a  section  at  right  angles  to 
/i(OlO)  and  parallel  to  A(100),  which  is  not  among  the  forms  occurring 
on  the  crystals.  On  immersion  in  cedar  oil,  such  a  section  gives  the 
customary  biaxial  figure;  the  axial  angle  is  small,  and  the  hyperbolic 
brushes  are  rejslaced  by  very  broad  fringes  of  colour,  which  are  tinged 
red  on  the  convex  and  blue  on  the  concave  side  (p>v),  showing  that 
the  substance  has  a  very  high  dispersive  power.  The  acute  angle 
between  the  optic  axes,  2Ra,  was  measured  in  cedar  oil,  and  for  sodium 
light  is  18°20'. 

The  obtuse  angle,  2ffo,  cannot  be  measured  in  this  way  by  employing 
a  cleavage  flake,  on  account  of  the  wide  angle;  the  true  angle,  2V(t, 

was,  however,  calculated  from  the  relations  in  I  «  =  ^sin  JIa  and  found 

to  be  17°19'. 

The  refractive  indices  /?  and  y  were  determined  by  the  method  of 
minimum  deviation,  using  the  natural  prism  faces,  J/J/,  110  :  TlO  = 
50°0' ;  the  remaining  index,  a,  was  obtained  approximately  by  the  use 
of  H.  Smith's  total  reflectometer.     For  yellow  light,  the  indices  are 

a=  1-472  ;  y8=l-6151;  y  =  l-6192;  y-a  =  0-147. 

The  angle  2  Fa  calculated  from  these  indices  is  17°54|',  which  agrees 
fairly  well  with  the  value  17°19'  given  above,  and  affords  a  check  on 
its  accuracy. 

The  birefringence  is  thus  very  strong,  but  it  is  interesting  to 
note  that  although  there  is  this  large  difference  between  y  and  a, 
yet  y-)8  only  amounts  to  0*004.  These  differences  are  well  brought 
out  in  determining  the  indices  by  the  minimum  deviation  method. 
Using  the  prism  110:110  =  50'^,  the  images  due  to   the   /S-   and  y- 
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rays  are  almost  superposed,  being  separated  by  only  0°33';  on  the 
other  hand,  the  prism  BM,  010  :  110^65°,  gives  two  widely  separated 
readings  for  minimum  deviation,  the  actual  figures  being  21)  =  110°49', 
which  gives  the  index  /8=1"6151,  and  2Z'  =  86°19',  which  gives  an 
index  having  a  value,  1'507,  between  those  of  a  and  y,  that  is,  very 
much  less  than  the  mean  index,  /8. 

The  index  (i  was  also  determined  for  red  (lithium)  light  and  found 
to  be  1"6071,  which,  by  comparison  with  the  value  for  yellow  light, 
gives  an  indication  of  the  very  strong  dispersion  of  the  substance. 

The  optical  characters  are  tabulated  below  : 

Birefringence,  negative,  very  strong. 

Axial  plane,  C(OOl);  Ac.  Bis.  -L  ^(100). 

Eefractive  indices:  For  yellow  (Na)  light,  a=r472-  ^=1-6151; 
y=l-61923  y-a  =  0-147.     For  red  (Li)  light, /3=  1-1071. 

Dispersion,  very  strong ;  /S^a  -  /?Li  =  0*008. 

Axial  angle  narrow:  2r=17°19'.  2//rt  =  18^20'  from  cedar  oil, 
/i=  1-526. 

The  Univkusity,  The  Univehsity  Museum, 

Leeds.  .  Oxford. 


CXXI. — Dinitroanisidines     and      their     Products      of 

Diazotisation. 

By  Eaphael  Meldola,  F.R.S.,  and  Fbank  George  C.  Stephens. 

The  present  paper  is  in  continuation  of  former  communications  on 
the  elimination  of  a  nitro-group  on  diazotisation  (Proc,  1898,  14, 
226  ;  Trans.,  1900,  77,  1173;  Proc,  1901,  17,  131 ;  Trans.,  1901,  79, 
1076  ;  ibid.,  1902,  81,  988).  It  was  suggested  by  one  of  us  and 
John  V,  Eyre,  three  years  ago  (Trans.,  1902,  81,  989),  that  the  dis- 
placement of  the  nitro-group  would  be  found  to  follow  the  ortho-para- 
rule  as  with  the  inverse  process  of  ordinary  substitution,  and  as  in 
the  case  of  the  elimination  of  the  halogen  atom  in  the  haloid  deriva- 
tives of  amines,  &c.,  described  in  the  French  Patent,  No.  315,932  of 
1902,  of  the  "Badische  Anilin-  u.  Soda-Fabrik."  The  later  work  of 
Dr.  K.  J.  P.  Orton  {Proc.  Roy.  Sue,  1903,  71,  153  ;  Proc,  1903,  18, 
252;  1904,  19,  161  ;  Trans.,  1903,  83,  796)  also  points  to  the  con- 
clusion that  the  eliminated  halogen  atom  is  in  the  ortho-  or  para- 
position  with  respect  to  the  diazonium  group,  although  in  the  majority 
of  the  cases  investigated  by  this  last-named  author  the  interchange  is 
between  the  ortho-substituents.  In  order  to  submit  the  foregoing 
Suggestion  to  experimental  proof,  it  became  necessary  to  prepare  and 

■i  L  2 
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study  the  diazotisation  products  of  other  nitrated  anisidines  of  known 
constitution.  The  nitration  of  diacetyl-o-aminophenol  (o-acetamino- 
phenyl  acetate)  results,  as  was  shown  in  a  former  note  (Proc,  1900, 
16, 180),  in  the  formation  of  the  acetyl  derivative  of  ordinary  picramic 
acid  (4  :  6-dinitro-2-aminophenol).  The  nitration  of  other  acet- 
aminophenols  thus  appeared  to  be  a  promising  method  of  preparing 
dinitroaminophenols,  from  which  dinitroanisidines  could  be  obtained 
by  methylation,  and  experiments  were  accordingly  commenced  with 
the  mono-  and  di-acetyl  derivatives  of  p-  and  m-aminophenol.  During 
the  progress  of  the  work,  a  paper  was  published  by  Reverdin  and 
Dresel  {Ber.,  1904,  37,  4452  ;  Arch.  Sci.  phys.  nat,  1904,  18,  433), 
which  to  some  extent  anticipated  the  results  we  had  obtained 
with  j9-acetaminophenol,  and  a  later  paper  by  these  authors  {Arch. 
Sci.  fhys.  nat.,  1905,  19,  353  ;  Ber.,  1905,  38,  1593)  contains  further 
information  concerning  the  nitration  of  diacetyl-/)-aminophenols.  In 
so  far  as  the  results  made  known  by  M.  Reverdin  and  his  colleague 
are  in  accordance  with  our  own,  we  do  not  think  it  necessary  to  do 
more  than  to  state  our  general  agreement,  and  to  make  a  few  additions 
to  the  chemical  history  of  tsopicramic  acid.  We  should  like  to  add, 
however,  that  during  the  whole  course  of  the  work  we  have  been  in  con- 
stant correspondence  with  M.  Reverdin,  who  has  unreservedly  placed 
his  experience  at  our  disposal^  and  has  communicated  all  his  results  to 
us  before  their  publication.  We  are  glad  of  the  present  opportunity 
of  expressing  our  thanks  for  the  assistance  thus  so  courteously  given. 

Diazotisation  of  Dinitro-o-anisidine. 

In  the  preliminary  note  published  in  1900  (Ti'ans,,  77,  1173),  when 
it  was  first  made  known  that  a  nitro-group  was  displaced  on  diazotising 
dinitro-o-anisidine,  it  was  supposed  that  the  replacement  of  the  di- 
azonium  group  by  iodine  would  give  rise  to  iodonitroanisole,  and  the 
compound  thus  obtained  (m.  p.  115 — 116°)  was  accordingly  described 
as  such.  The  further  investigation  of  the  reaction,  however,  made  it 
evident  that  not  only  was  the  nitro-group  displaced,  but  that  a  diazo- 
oxide  (quinonediazide)  was  formed  (Proc,  1901,  17,  131).  It  thus 
became  necessary  to  make  a  farther  study  of  the  supposed  iodonitro- 
anisole and  the  corresponding  azo-/3-naphthol  derivative  in  order  to 
ascertain  whether,  as  might  have  been  anticipated,  they  contained  free 
hydroxyl  groups.  This  was  found  to  be  the  case,  and  the  coiTected 
formulte  were  given  in  the  paper  last  referred  to.* 

The   compound   described  at   first  as   iodonitroanisole  was  in  fact 

*  See  also  Trans.,  1901,  79,  1078,  footnote.  The  nitrogen  determination  in 
these  compounds  does  not  give  decisive  information  as  to  whether  a  hydroxyl  group 
is  present  or  not. 


AND   THEIR    PRODUCTS   OF    DIAZOTISATION.  1201 

shown  to  be  iodonitroresorcinol  methyl  ether,  and  we  again  give  the 
formula  of  this  compound  (I)  as  well  as  that  of  the  azo-)8-naphthol 
derivative  (III),  as  our  later  results  appear  to  have  escaped  notice. 

0-CH,  0-CH,  0-CH, 


NO.  NO2  NO2 

(M.  p.  115— 116^)  (M.  p.  160—161°.) 

I.  II.  III. 

In  order  to  obtain  further  confirmation  of  the  presence  of  free 
hydroxyl,  the  dimethyl  ether  (II)  was  prepared  by  methylating  the 
mono-methyl  derivative  (I)  by  methyl  sulphate  in  the  presence  of 
alkali.  The  compound  is  slightly  soluble  in  boiling  water,  and  crystal- 
lises from  dilute  alcohol  in  long  filamentous  needles  of  a  pale  straw 
colour  having  the  melting  point  given  above. 

0-1866  gave  7-3  c.c.  moist  nitrogen  at  13°  and  759-8  mm.     N  =  4-57. 
CgHgO^NI  requires  N=:4-53  per  cent. 

The  nitro-group  which  is  eliminated  on  diazotising  dinitro-o-anis- 
idine,  is,  as  has  been  proved  in  the  former  communications,  in  the 
para-position  with  respect  to  the  diazonium  group.  Whether,  as  in 
the  case  of  the  haloid-benzenediazonium  salts,  the  elimination  of  the 
substituent  is  preceded  by  isomeric  change,  as  supposed  by  Orton 
(Proc.  Roy.  Soc,  1903,  71,  155),  must  for  the  present  remain  an  open 
question.  If  this  view  be  taken,  it  must  be  assumed  that  the  nitio- 
diazonium  compound  is  first  transformed  into  a  diazonium  nitrite,  and 
that  the  latter  then  decomposes  into  the  quinonediazide  or  diazo- 
oxide. 


--> 


CH,-0^p  „  ^N^-OH  OH,-0\,p  „  <-N,-iN02! 

Whatever  view  be  taken  of  the  mechanism  of  the  elimination  of 
the  nitro-group,  it  is,  however,  quite  certain  that  a  diazonium  salt 
containing  a  strongly  acid  group  might  be  expected  to  be  more  stable 
than  the  diazo-hydroxide  (or  acetate)  which  is  formed  on  diazotisation 
in  presence  of  acetic  acid  only,  the  condition  which  our  previous 
researches  have  shown  to  be  the  most  favourable  for  the  displacement 
of  the  nitro-group.  In  order  to  test  this  point,  dinitro-o-anisidine 
was  diazotised  in  the  presence  of  sulphuric  acid,  and  the  diazonium 
sulphate  decomposed  by  heating  with  hydriodic  acid  in  the  usual  way. 
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Under  these  conditions,  the  first  product  of  diazotisation  would  be  the 
sulphate, 

If,  as  might  have  been  anticipated,  this  salt  is  sufiiciently  stable  to 
exist  as  such,  that  is,  without  the  elimination  of  the  nitro-group,  the 
action  of  hydriodic  acid  would  in  this  case  give  the  iododinitroanisole 
(OCH3  : 1 :  NO2  :  NOg  =  1:2:4:5)  instead  of  the  iodonitroresorcinol 
methyl  ether  obtained  when  the  preliminary  diazotising  process  is 
carried  out  in  acetic  acid  solution.  This  was  found  to  be  the  case, 
although,  under  the  conditions  of  the  experiments,  a  certain  quantity 
of  the  resorcinol  derivative  was  also  formed,  and  could  be  easily 
removed  from  the  final  product  by  washing  with  dilute  sodium  hydr- 
oxide solution.  The  iododinitroanisole  thus  obtained  has  not  hitherto 
been  described.*  It  crystallises  from  alcohol  in  flat,  yellow  scales 
with  serrated  edges  melting  at  146 — 147°. 

0-1041  gave  7-8  c.c.  moist  nitrogen  at  14°  and  756*5  mm.    N  =  8-76. 
C7H5O5N2I  requires  N'  =  8*64  per  cent. 

The  formation  of  iodonitroresorcinol  methyl  ether  by  diazotisation  in 
acetic  acid  solution,  and  of  a  mixture  of  the  resorcinol  derivative  with 
iododinitroanisole  in  sulphuric  acid  solution,  are  facts  of  considerable 
theoretical  interest.  The  resorcinol  derivative  may  be  considered 
as  the  equivalent  of  the  diazo-hydroxide  (or  acetate)  and  the  iodo- 
dinitroanisole as  the  equivalent  of  the  diazonium  sulphate  respectively 
formed  on  diazotisation  under  the  two  conditions  specified.  It  thus 
appears  that  in  the  presence  of  a  strong  mineral  acid,  such  as  sulphuric 
acid,  a  certain  quantity  of  the  diazo-hydroxide  may  exist. t  The  rela- 
tive proportions  of  the  anisole  and  resorcinol  derivatives  formed  vinder 
different  conditions  of  time,  temperature,  and  concentration  of  acid 
would  thus  furnish  a  quantitative  measure  of  the  proportions  of  diazo- 
nium and  diazo-compounds  contained  in  a  given  solution.  According 
to  Ilantzsch,^  such  a  solution  may  in  the  })resence  of  water  at  any 
given  moment  contain  a  mixture  of  diazonium  salt  and  diazo-compound 
(sy?i-modification).  We  may  point  out  that  the  observations  recorded 
in   this  and   in   previous   papers   have   now  provided  a  quantitative 

*  We  learn  from  M.  Reverdin  tliat  he  has  also  obtained  this  compound  from  dinitro- 
o-anisidine  by  a  similar  method.  He  has  forwarded  to  us  a  specimen  of  his  product 
which  we  have  found  to  be  identical  with  ours. 

t  The  acid  used  in  the  above  experiment  consisted  of  strong  sulphuric  acid  and 
water  in  about  equal  volumes.  The  dinitro-o-anisidine  was  dissolved  in  the  strong 
acid  and  the  solution  diluted  with  water  in  the  above  proportion. 

t  See,  for  instance,  this  author's  Grv.ndriss  dcr  Stcreochemie,  Leipzig,  1904, 
p.  154. 
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chemical  method  which  may  be  applicable  for  determining  the 
equilibrium  proportions  of  the  two  constituents,  quite  independently  of 
any  views  which  are  held  concerning  their  constitutional  formuhe.  We 
hope  to  be  able  to  extend  the  work  in  this  direction, 

JVitration  of  Acetylated  \)-AiainopJienol. 

The  nitration  of  p-acetaminophenol  can  be  conveniently  effected, 
even  when  the  hydroxyl  is  not  protected,  by  dissolving  p-aminophenol 
in  a  small  quantity  of  glacial  acetic  acid,  adding  the  calculated  quan- 
tity of  acetic  anhydride  to  acetylate  the  amino-group,  and  to  the 
solution,  kept  cold  in  melting  ice,  adding  a  little  more  than  twice  the 
calculated  quantity  of  nitric  acid,  the  latter  (sp.  gr,  1'5),  diluted  with 
twice  its  volume  of  acetic  acid,  being  mixed  in  small  quantities  at  a 
time  with  the  acetaminophenol  solution.  If  the  solution  is  kept  well 
cooled,  there  is  no  danger  of  decomposition  occurring,  and  the  nitration 
is  complete  after  a  few  hours.  The  product  is  poured  into  water  and 
at  once  neutralised  with  ammonia.  The  ammonium  salt  separates  out 
on  cooling  as  a  crystalline  pulp,  and  can  be  readily  purified  by  crystal- 
lisation from  hot  water  as  this  salt  is  not  readily  soluble  in  cold 
water. 

Ammonium  salt,  CgH2(N02),/NH(C2H30)-0'NH^ ;  flat,  dull  red 
needles  from  water  ;  anhydrous. 

Silver  salt,  C^H2(NOo)2-NH(C2H30)-OAg,  prepared  by  adding  silver 
nitrate  to  the  hot  solution  of  the  ammonium  salt,  sepax-ates  in  small 
brick-red  needles  insoluble  in  water. 

0-1231  gave  00383  Ag  =  3Ml. 

0-0974     „     10-25    c.c.    moist    nitrogen    at    13-5'    and    751-1   mm. 
N=  12-26. 
CgHgO^jNsAg  requires  Ag  =  31-01  ;  N  =  1207  per  cent. 

Aniline  salt,  CgH2(NOo)2-ISrH(C2H30)-ONH3-CeH5,  prepared  by  add- 
ing aniline  to  an  alcoholic  solution  of  the  dinitroaminophenol ;  red 
needles,  m.  p.  171°.  On  recrystallising  from  alcohol  and  drying  in  the 
water-oven,  the  salt  undergoes  dissociation. 

Benzylamine  salt,  CgH2(N02)o*NH(C2H30)*ONH3*C7H7,  prepared  in 
the  same  way  as  the  aniline  salt,  separates  from  the  alcoholic  solution 
in  deep-red  prismatic  needles,  m.  p.  221°.  This  salt  also,  although 
more  stable  than  the  aniline  salt,  appears  to  dissociate  on  fvirther 
crystallisation  from  alcohol. 

0  0935  gave  13  c.c.  moist  nitrogen  at  11°  and  758-6  mm.    N  =  16-36. 
CjjH^gOglSr^  requires  N  =  16-12  per  cent. 

The  dinitroacetaminophenol  obtained  by  the  above  method  crystol- 
lises  in  dense,  ochreous  needles  melting  at  182°  ;  it  is  the  acetyl  deriy- 
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ative  of  the  t'sopicramic  acid  first  described  by  Dabney  {Amer.  Chem.  J., 
1883,  5,  33),  and  is  identical  with  the  dinitroacetaminophenol  recently 
obtained  by  Messrs.  Cassella  &  Co.  by  nitrating  jp-acetaminophenol  in 
sulphuric  acid  at  a  low  temperature  (Eng.  Pat.  No.  24,409  of  1903). 
The  proof  of  this  constitution  has  been  furnished  by  Reverdin  and 
Dresel  in  a  paper  communicated  to  the  Arch.  Sci.  jihys.  nat., 
an  advanced  copy  of  which  has  been  kindly  placed  at  our  disposal 
by  the  authors. 

2  :  6-Dinitro  4-acetaminophenol  could  not  be  methylated  by  means 
of  methyl  sulphate  and  alkali.  It  was  accordingly  converted  into 
silver  salt,  and  the  latter  methylated  by  digestion  with  methyl  iodide 
in  methyl-alcoholic  solution.  The  methyl  derivative,  after  purification, 
crystallises  from  dilute  acetic  acid  in  light,  straw-coloured  needles 
melting  at  157°. 

0-1 338  gave  19-15  c.c.  moist  nitrogen  at  10°  and  750-5  mm.  N  =  16-85. 
CgH^jOgNg  requires  ]Sr=  16-50  i)er  cent. 

The  above  acetyl  derivative  cannot  be  safely  hydrolysed  by  alkali,  as 
it  is  liable  to  undergo  decomposition.  It  was  readily  hydrolysed  by 
heating  with  dilute  sulphuric  acid.  The  dinitroanisidine  thus  obtained 
crystallises  from  dilvite  alcohol  in  small,  ochreous  needles  melting  at 
212°. 

0-0974  gave  16  c.c.  moist  nitrogen  at  12°  and  764-8  mm.  N  =  19-56. 
CMH^O^Ng  requires  N=  19-71  per  cent. 

"  The  constitution  of  the  above  compounds  is  : 

O-CHg  O-CHg 

no,/Nno,  no,/\no. 


I  \--.  --2|  I 


NH-CO-CHg  NH2 

(M.  p.  157°.)  (M.  p.  212°.) 

The  dinitroansidine  is  readily  diazotisable  in  sulphuric,  hydrochloric, 
or  acetic  acid  solution.  The  product  is  the  same  in  all  cases,  and  is  a 
diazo-oxide  (quinonediazide)  crystallising  from  water  in  glistening 
scales.  The  pure  compound  explodes  with  extreme  violence  at  about 
190°. 

As  the  main  object  of  our  research  was  to  ascertain  whether  anitro- 
group  was  eliminated  on  diozotisation,  we  combined  the  diazo-oxide 
at  once  with  j8-naphthol  by  adding  the  compound  to  an  alkaline  solu- 
tion of  the  latter.  The  azo-colour  is  immediately  formed,  but  remains 
in  solution  on  account  of  its  phenolic  character.  After  precipitation 
by  acid    and    crystallisation  from  boiling   acetic  anhydride  the  azo- 
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compound  was  found  to  be  acetylated,  the  acetyl  derivative  crystallis- 
ing in  brick-red  needles  melting  at  259°. 

0-1244  gave  15 -Ice.  moist  nitrogen  at  13°  and  768-8  mm.  N=  14-49. 
CjgHjoO-N^  requires  N  =  14-14  per  cent. 

The  azo-compound  obtained  from  the  acetyl  derivative  by  hydrolysis 
with  alcoholic  sodium  hydroxide  was  ci-ystallised  from  nitrobenzene, 
washed  with  alcohol  and  dried.  It  then  consisted  of  glistening,  flat, 
brick-red  needles  melting  at  269—270°. 

0-1147    gave    15-3    c.c.   moist  nitrogen    at    14-5°   and  766-8   mm. 

N  =  15'78. 
C^gHjoO^jN^  requires  N=  15-81  percent. 

The  azo-compound  is,  as  ah'eady  stated,  phenolic  in  character  ;  it  dis- 
solves in  aqueous  alkali  with  a  claret-red,  and  in  strong  sulphuric  acid 
with  a  magenta-red,  colour.  It  dissolves  but  sparingly  in  alcohol,  more 
readily  in  glacial  acetic  acid,  the  compound  separating  on  cooling  in 
flat,  brick-red  needles  with  a  green,  metallic  lustre. 

The  distinctly  phenolic  properties  of  the  azo-compound  indicated 
that  the  diazo-oxide  must  have  been  formed  either  by  the  displacement 
of  a  nitro-group  as  in  the  case  of  dinitro-o-  and  dinitro-p-anisidines,  or 
by  the  elimination  of  the  methyl  of  the  methoxy-group.  The  analyses 
proved  that  two  nitro-groups  were  present,  and  that  the  formulfe  of 
the  diazo-oxide  and  azo-naphthol  compound  were  accordingly  : 


0- 


NOg/    Y^, 


0 


NO  /    \N0, 


HO 


NO,/    \NO 


N:N     _  N2.C,oH,-OH(^) 

From  this,  it  followed  that  the  dinitroaminophenol  itself,  that  is, 
tsopicramic  acid,  should  give  the  same  diazo-oxide,  and  the  same 
azonaphthol  compound  as  the  methylated  product.  This  conclu- 
sion was  confirmed  by  experiment.  isoPicramic  acid  was  diazotised  in 
hydrochloric  acid  solution,  and  the  crystalline  diazo-oxide  thus  formed 
was  combined  with  ^-naphthol  in  the  usual  way.  The  azo-compound, 
after  crystallisation  from  acetic  anhydride,  gave  the  acetyl  derivative 
(m.  p.  259°)  above  described. 

0-1172  gave  14-3  c.c.  moist  nitrogen  at  12° and  761-2  mm.  N=  14-25. 
CjgHjgO^N^  requires  N  =  14-14  per  cent. 

It  is  proved  by  the  foregoing  results  that,  when  in  a  dinitroanis- 
idine  the  methoxy-group  is  in  the  para-position  with  respect  to  the 
amino-group,  thei^e  is  no  elimination  of  a  nitro-group  on  diazotisation, 
but  the  methyl  of  the  methoxy-group  is  displaced  with  the  formation 
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of  a  dinitroquinonediazide.  This  change  is  complete  and  rapid  when 
diazotisation  is  carried  out  in  the  presence  of  mineral  acids.  The 
quinonediazide  formed  under  these  conditions  is  not  mixed  with 
diazonium  salt  since,  on  boiling  with  hydriodic  acid,  it  yields  nothing 
but  the  dinitroiodophenol  (m.  p.  113°)  described  by  Reverdin  {Arch. 
Sci.  2^hys.  7iat.,  1905,  19,  362),  and  on  coupling  with  /3-naphthol  in 
alkaline  solution  it  gives  an  azo-compound  which  is  completely  soluble 
in  alkali.  When  diazotisation  is  effected  in  acetic  acid  solution,  how- 
ever, there  is  reason  to  believe  that  the  displacement  of  the  methyl 
does  not  take  place  so  readily.  A  specimen  of  the  azo-)8-naphthol 
compound  prepared  in  this  way  left  a  small  quantity  of  a  non-phenolic 
azo-compound  on  extraction  with  alkali.  This  residue  is,  no  doubt, 
the  methyl  ether  of  the  azo-compound  previously  described,*  but  it 
could  not  be  obtained  in  a  crystalline  condition  from  any  solvent,  and 
we  reserve  its  detailed  study  until  a  larger  quantity  has  been  prepared. 
We  may  add  that  the  methyl  group  of  the  dinitroanisidine  is  also 
removable  by  mineral  acids  when  the  base  is  boiled  with  the  latter.  It 
was  found,  when  the  acetyl  derivative  (m.  p.  157°)  was  heated  with 
sulphuric  acid  for  the  purpose  of  hydrolysing  it,  as  previously  described, 
that  the  dinitroaminophenol  (isopicramic  acid)  was  obtained  if  the 
operation  was  carried  too  far.  The  presence  of  nitro-groups  in  both 
ortho-positions  with  respect  to  the  methoxy-gi'oup  is  no  doubt  the 
cause  of  the  easy  removability  of  the  methyl  group. 

In  connection  with  the  present  research  we  have  also  prepared  the 
methyl  ether  of  the  new  dinitroaminophenol  melting  at  230—231° 
recently  described  by  Eeverdin  (loc.  cit.,  18,  342  ;  19,  353).  This  com- 
pound was  obtained  by  methylating  the  mono-acetyl  derivative  with 
methyl  iodide  and  silver  oxide  in  alcoholic  solution.  Theacetyl  derivative 
of  the  new  dinitroanisidine  crystallises  from  dilute  alcohol  in  white,  silky 
needles  (m.  p.  196°).  On  hydrolysis  by  sulphuric  acid  it  yields  a 
dinitroanisidine  crystallising  from  glacial  acetic  acid  in  dense,  ruby- 
red  prisms  with  a  green,  metallic  lustre  and  having  a  melting  point  of 
163°. 

0-0886  gave  15-6  c.c.  moist  nitrogen  at  20°  and  754-7  mm.    N=  19-97. 
C7HKO5N3  requires  N=  19-71  per  cent. 

This  dinitroanisidine  is  but  sparingly  soluble  in  alcohol  but  more 
readily  in  boiling  glacial  acetic  acid.  A  dilute  solution  in  the  latter 
solvent  on  dilution  with  water  deposits  the  compound  in  the  form  of 
microscopic,  scarlet  needles.     The  basic  properties  of  the  dinitroanis- 

*  This  is  i)rovod  by  tlic  fact  that  the  same  compound  is  obtained  by  the  direct 
methylation  of  the  azo-^-naphthol  derivative  by  methyl  sulphate  and  alkali. 
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idine  are  but  feeble.     Its  constitution  and  that  of  the  acetyl  derivative 
may  be  thus  formulated  : 

0-CHo  0-CH, 


Nol       'no.,  no  I     JNO^ 


NH-CO-OHg  NH, 

(in.  p,  196°.)  (m.  p.  1G3°.) 

The  products  of  diazotisation  of  this  diaitroanisidine  have  as  yet 
been  investigated  only  in  a  preliminary  way,  and  further  details  will 
be  given  in  a  later  communication. 

CrrY  AND  Guilds  of  London  Technical  College, 

FiNSBURY. 


CXXII. — Labile  Isomerism  among  Benzoyl  Derivatives  of 
Salicylamide. 

By  Arthur  Walsh  Titherley  and  William  Longton  Hicks. 

Salicylamide  may  be  expected  to  give  rise  to  two  benzoyl  deriv- 
atives : 

(«)  OH-CgH^-CO-NH-CO-C^H^,  iV^-benzoylsalicylamide. 
(6)  C,.H5-CO-0-q.H4-CO-NH2,  0-benzoylsalicylamide. 

By  the  action  of  methyl  salicylate  on  sodium  benzamide,  one  of  the 
authors  (Trans.,  1902,  81,  1533)  obtained  a  product  (m.  p.  122°) 
which  was  described  as  salicylbenzamide,  OH*0,.H^-CO*NH*CQ'C,.H^, 
that  is,  (a)  the  iV-benzoyl  derivative.  The  assumption  that  the  com- 
pound, which  on  analysis  gave  5*67  per  cent,  of  nitrogen  {theory 
requires  N  =  5-80  per  cent.),  possessed  this  structural  formula  was 
based  on  the  following  considerations  :  (1)  its  synthesis,  a  general 
reaction  having  been  established  between  esters  and  sodium  acylamides 
whereby  sodium  secondary  amides  are  formed ;  (2)  its  properties, 
notably  its  easy  decomposition  with  aqueous  alkalis  into  salicylic  acid 
and  benzamide,  and  the  fact  that  it  gives  an  intense  violet  coloration 
with  ferric  chloi'ide  ;  (3)  its  non-identity  with  the  0-benzoyl  derivative, 
(6)  CeHj-CO-O-CeH.-CO-NHg  (m.  p.  200°),  described  previously. 

Further  experiments  recently  carried  out  by  the  authors  show  that 
this  assumption  was  wrong,  and  that  the  substance  is  a  peculiar 
double  compound  of  benzamide  and  salicylic  acid  (N  =  5*4  per  cent.) 
which  shows  the   above  properties,  and  whilst  attempts  to  prepare 
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^-benzoylsalicylamide  have  failed,  other  benzoyl  derivatives  of  sali- 
cylamide  have  been  isolated  during  the  investigation  which  are  of 
considerable  interest. 

Excluding  the  substance  melting  at  122°,  the  only  benzoyl  derivative 
of  salicylamide  hitherto  described  is  the  compound  melting  at  200°, 
which  was  obtained  by  Gerhardt  and  Chiozza  (Ann.  Chim.  Phys.,  1856, 
46,  139;  Jahresher.,  1856,  502)  by  heating  salicylamide  and  benzoyl 
chloride  at  180°,  and  was  described  by  them  as  "  benzoylsalicylamide,"  * 

Limpricht  (Annalen,  1856,  99,  249),  who  subsequently  investigated 
the  same  compound  and  prepared  several  metallic  derivatives,  called  it 
"  benzoylsalicylaminsaure,"  since  he  assumed  that  salicylamide  was  an 
acid  ("  salicylaminsaure  "),  and  gave  Gerhardt's  compound  the  formula 
NH(Ci^H502)(Ci^H40^  I  o^.     It  is  quite  evident  that  Gerhardt  and 

Chiozza,  as  well  as  Limpricht,  considered  the  compound  to  be  an 
iV-benzoyl  derivative,  and  their  formulae  interpreted  into  the  modern 
system  become  OH'C^H^'CO'NH'CO'O^Hj.  In  spite  of  this,  and 
although  no  further  work  appears  to  have  been  done  on  the  substance, 
it  is  quoted  in  Beilstein's  Handbuch  (vol.  ii,  p.  1500)  as  the  0-benzoyI 
derivative,  C.H.-CO-O-C.H^-CO-NH,. 

Einhorn  {in  a  private  communication  to  one  of  the  authors) 
mentions  that  the  same  compound  is  produced  by  the  beuzoylation  of 
salicylamide  by  the  pyridine  method,  but  doubts  whether  it  is  the 
0-benzoyl  derivative. 

From  what  is  described  below,  it  will  be  seen  that  the  constitution 
of  this  compound  is  of  considerable  importance.  A  close  investigation 
of  its  properties,  and  especially  the  fact  that  it  does  not  under  any 
conditions  give  a  coloration  with  ferric  chloride,  establishes  clearly  the 
fact  that  the  benzoyl  group  is  attached  to  the  phenolic  oxygen  atom, 
and  not  to  nitrogen,  but  it  is  also  evident,  as  will  be  shown,  that  the 
compound  is  not  the  simple  amide,  CjjHr/CO'O'C^H^'CO'NHo. 

Originally  with  the  object  of  clearing  up  the  relation  between 
Gerhardt's  compound  and  the  product  melting  at  122°,  the  authors 
have  investigated 

(a)  The  interaction  of  methyl  salicylate  and  sodium  henzamide. 

(b)  The  interaction  of  benzoyl  chloride  and  salicylamide  in  presence 
of  aqueous  alkali. 

(a)  The  object  in  repeating  this  work  was  to  obtain  the  compound 

*  "When  pure,  the  substance  melts  at  208°.  To  simplify  the  description  in  the 
text,  where  the  substance  is  frequently  mentioned,  it  is  referred  to  as  Gerhardt's 
compound. 
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described  as  iV-benzoylsalicylamide  and  investigate  it  more  completely. 
It  was  found  that  under  suitable  conditions  both  the  substance  melting 
at  122°  and  Gerhardt's  compound  were  formed,  but  the  expected 
^-benzoylsalicylamide  was  not  obtained. 

(5)  The  object  in  benzoylating  salicylamide  in  the  cold  by  a  wet 
method  was  to  ascertain  whether  the  product  of  benzoylation  was 
identical  with  Gerhardt's  compound,  the  simple  reaction  being 
expected : 

OH-CeH^-CO-NH^  +  C^H^-COCl  =  C,H,-CO,-C,H,-CO-NH,  +  HCl. 

It  was  found  that  although  under  suitable  conditions  this  normal 
change  takes  place,  the  process  is  complicated  by  secondary  reactions. 
The  normal  benzoylation  leads  to  the  production  of  the  simple 
0-benzoylsalicylamide  which  is  not  identical  with  Gerhardt's  compound  ; 
it  was  isolated  with  difficulty  as  an  unstable  crystalline  substance, 
melting  when  pure  at  144^^,  but  it  passes  with  remarkable  ease  into 
Gerhardt's  isomeride  (m.  p.  208°). 

Benzoyl  chloride  and  salicylamide,  by  the  Schotten-Baumann  process, 
using  cold  aqueous  sodium  carbonate  instead  of  caustic  soda,  yield 
three  substances  in  varying  proi:)ortion  according  to  circumstances, 
namely:  (1)  monobenzoylsalicylamide  (m.  p.  144°);  (2)  monobenzoyl- 
salicylamide  (m.  p.  208°,  identical  with  Gerhardt's  compound) ;  (3)  di- 
benzoylsalicylamide  (m.  p.  129°). 

In  some  cases  (2),  which  is  usually  produced  only  in  small  quantity, 
is  not  formed  at  all,  and  in  any  case  it  has  been  shown  that  it  is  formed 
not  directly  but  as  a  result  of  rearrangement  of  (1).  The  compound 
(3)  is  also  formed  not  directly  but  from  (2),  and  it  has  been  shown  by 
a  separate  experiment  that  Gerhardt's  compound  is  readily  converted 
into  dibenzoylsalicylamide  (m.  p.  129°)  by  benzoylation  in  presence  of 
aqueous  sodium  carbonate. 

Isomerism  of  the  Two  MonGhenzoylsalicylaniides. 

There  can  be  no  question  that  the  primary  action  in  the  benzoyl- 
ation of  salicylamide  in  presence  of  sodium  carbonate  leads  to  the 
formation  of  the  less  stable  derivative  (1)  melting  at  144°,  which 
readily  undergoes  transposition  to  the  more  stable  derivative  (2) 
melting  at  208°.  These  two  substances,  which  are  isomeric  and  have 
the  same  molecular  weight,  are  of  exceptional  interest.  Their  iso- 
merism cannot  be  accounted  for  by  assuming  that  the  benzoyl  groups 
are  differently  situated,  that  is,  that  one  is  0-benzoyl-  and  the  other 
iV-benzoyl-salicylamide,  since  there  are  reasons  for  believing  that  both 
are  0-benzoyl  derivatives.  The  main  reasons  are:  (I)  neither  gives 
any  coloration  with  ferric   chloride    in   any  solvent,   but   both  after 
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hydrolysis  even  with  cold  alkali  develop  an  intense  violet  coloration 
owing  to  the  formation  of  salicylamide ;  (2)  neither  is  decomposed  by 
heating  with  aqueous  ammonia,  whereas  an  iV-benzoyl  derivative 
would  be  easily  broken  up  like  dibenzamide  ;  (3)  on  heating,  both  yield 
a  polymeric  form  of  0-benzoylsalicylonitrile ;  (4)  their  mode  of 
formation  by  wet  benzoylation  is  intelligible  on  the  assumption  that 
they  are  0-benzoyl  derivatives. 

Reviewing  the  various  possible  monobenzoyl  derivatives  that  might 
be  produced  in  the  benzoylation  of  salicylamide  by  the  Schotten- 
Baumann  process,  it  is  necessary  to  take  into  account  the  possibility  of 
salicylamide  undergoing  tautomeric  or  (which  is  very  unlikely)  iso- 
meric change,  so  that  conceivably  it  might  give  rise  to  derivatives  of 
the  forms  : 

(a)  OH-CgH4-CO-NH2;  (y8)  OH-CeH,-C(OH):NH  ; 

(y)  oh-Cj;H.j-ch:n-oh;  (S)  oh-c^h,-ch-nh. 


0 

Isomeric  change  leading  to  oxime  forms  (y)  and  (8)  is  very  improbable, 
but  might  be  considered,  since  the  reverse  change  (from  oxime  to 
amide)  is  always  possible.  The  possible  monobenzoyl  derivatives  of 
the  above  forms  are  : 

a.  BzO-C,.H4-CO-NH2.  /.  BzO-CgH^-CHIN-OH. 

b.  BzO'CX-C(OH):NH.  g.  OH-CeH^-CH-NBz. 

c.  oh-c,h^-c(obz):nh.  \/ 

d.  oh-c^H4-c(oh):nbz  ^ 

or  OH-C,H,-CO-NHBz.  ^'-  BzO-OeH.-CH-NH. 


O 

Since  the  two  benzoyl  derivatives  under  discussion  give  no  ferric 
chloride  reaction,  and  behave  generally  as  0-benzoyl  derivatives, 
c,  d,  e,  and  g  are  excluded  ;/(0-benzoylsalicylaldoxime)  is  also  excluded 
since  it  is  known  and  melts  at  130°  (Beckmann,  Ber.,  1893,  26,  2625). 
Of  the  three  remaining  alternatives,  b  must  represent  the  constitution 
of  the  more  stable  monobenzoyl  derivative  melting  at  208°  since  it 
is  readily  soluble  in  alkalis,  whilst  the  less  stable  compound 
(m.  p.  144°)  may  have  either  of  the  formulae  a  and  h.  The  latter 
formula  h  is  improbable  because  compounds  containing  the  grouping 
-CH'NH  are  known  only  in  the  form  of  i\^-alkyl  or  aryl  derivatives, 


O 

and  because  the  formation  of  such  a  substance  would  involve  the 
rearrangement  of  salicylamide,  for  which  there  is  no  evidence.  More- 
over, the  properties  of    the  derivative  in  question  (m.  p.   144°)  are 
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inconsistent  with  formula  h,  since  a  compound  of  this  constitution 
would  be  immediately  acted  on  l^y  benzoyl  chloride,  or  at  least  be 
unstable  in  the  presence  of  this  reagent.  Thus  Beckmann  {Ber., 
1893,  26,  2627)  has   shown  that  both  CgHs'CH— N-OH^-CgHg  and 


O 
OH'CgH^'CH— N-CH^-C^Hg  rapidly  undergo  rearrangement,  on  treat- 


0 

ment  with  benzoyl  chloride,  to  the  stable  amide  forms  respectively, 
C^Hs-CO-NH-CHo-C^Hs  and  OH-C.H^-CO-NH-CH.-C^Hs  ;  the  com- 
pound melting  at  144°,  on  the  other  hand,  is  unaffected  by  heating 
with  benzoyl  chloride.  There  only  remains  therefore  formula  a  for  the 
substance,  and  this  is  consistent  with  its  properties  and  mode  of 
formation  from  salicylamide. 

Since  the  possibility  of  stereochemical  isomex'ism  is  excluded,  and  the 
difference  between  the  two  monobenzoyl  derivatives  of  salicylamide  must 
be  explained  on  structural  grounds,  on  the  above  reasoning  it  would 
appear  that  the  origin  of  the  diff'erence  lies  solely  within  the  amide  group- 
ing, since  otherwise  it  is  necessary  to  assume  for  one  of  the  compounds 
some   fundamental  structural   difference,   such  as   a   formula   of  the 

following  type :   '  r^!>^<Cr^TJ  ^>   ^<^^'  which  there  is   no  evidence. 

L/gH^'O  OH 

The  most  intelligible  hypothesis  is  to  assume  that  isomerism  is  referred 

to  the  tautomeric  amide  group,  which  appears  in  two  distinct  forms, 

-CO'NHo  and  -C(OH)INH,  producing  labile  isomerides. 

There  are  as  yet  no  examples  known  of  such  labile  isomerism 
among  simple  amides,  and  the  isolation  of  such  isomerides  appears  to 
be  only  possible  when  the  influence  of  a  neighbouring  gi-oup  is  strong 
and  favourable.  The  possibility  of  the  existence  of  iminohydroxy- 
compounds  containing  the  grouping  -C(OH)INII,  isomeric  with  amides, 
has  already  been  suggested  by  Eschweiler  {Chem.  Centr.,  1898,  ii,  527), 
"who  has  obtained  products  which  he  calls  "  iminohydrins  "  by  the 
action  of  water,  or  water  in  presence  of  a  metallic  base,  on  the  imino- 
ethers  obtained  from  the  nitriles  of  certain  hydroxy-acids,  such  as 
glycollic  and  lactic  acids.  The  constitution  of  these  iminohydrins, 
however,  is  uncertain,  and  there  appears  to  be  no  evidence  of  labile 
isomerism,  but  the  substances  were  described  as  less  fusible  than 
the  corresponding  amides,  and  as  having  both  basic  and  weakly  acidic 
properties. 

The  authors  suggest  the  name  "  iminohydroxide  "  as  perhaps  the 
most  suitable  designation  for  compounds  containing  the  grouping 
-C(OH)INH  which  are  distinct  from  the  isomeric  amides.  The 
isolation  of  two  forms  of  0-benzoylsalicylamide,  one  of  which  is  labile* 
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throws  some  light  on  the  tautomerism  of  amides,  and  renders  it 
probable  that  some  amides  really  have  the  iminohydroxy-structure 
and  not  the  ordinary  amide  formula,  and  it  is  possible  that  salicyl- 
amide,  for  instance,  which  is  soluble  in  sodium  carbonate  and 
ammonia,  and  behaves  as  a  monobasic  acid,  is  0H'C^H4'C(0H)INH 
and  not  OH-C^H^-CONHo.  Benzamide  is  without  doubt  CgH^-CO-NHg, 
but  in  aqueous  solution  this  form  evidently  exists  in  equilibrium 
with  the  tautomeric  form  CgH^IC(OH)!NH,  Adopting  the  view  in 
reference  to  amides  that  in  favourable  circumstances  tautomerism 
may  merge  into  actual  isomerism,  and  accepting  this  explanation  of 
the  isomerism  of  the  0-benzoylsalicylamides,  the  latter  must  be  repre- 
sented : 

BzO-CgH^-CO-NHo  BzO-C,H,-C(OH):NH 

0-Benzoylsalicylamide  0-BeDzoylsalicyliminohydroxide 

(labile,  m.  p.  144°).  (stable,  m.  p.  208°). 

The  view  that  these  two  substances  owe  their  difference  to  different 
structure  in  the  amide  grouping  is  supported  by  the  properties  of  the 
compounds.  The  labile  form,  on  heating  a  few  degrees  above  its 
melting  point,  rapidly  changes  to  the  stable  form,  which,  having  a 
higher  melting  point,  sepai-ates  out  as  a  solid.  The  transformation 
occurs  nearly  quantitatively,  and  does  not  appear  to  be  reversible. 
The  labile  form  in  alcoholic  solution  at  the  ordinary  temperature  slowly 
changes  to  the  stable  form,  which,  being  sparingly  soluble  in  alcohol, 
crystallises  out,  and  the  transformation  is  complete  in  a  week.  The 
change  in  alcoholic  solution  is  hastened  by  a  trace  of  sodium  ethoxide, 
and  is  practically  instantaneous  if  an  excess  of  sodium  ethoxide  or 
sodium  hydroxide  is  added,  a  yellow  solution  or  a  solid  mass  resulting, 
which  contains  the  sodium  compound  of  the  stable  form.  The  labile 
form  is  similarly  transformed  into  the  stable  modification  in  pyridine 
solution,  but  only  slowly  at  the  ordinary  temperature,  the  change  being 
complete  in  a  week.  The  transformation  rapidly  takes  place  in  boiling 
water,  in  which  the  labile  form  is  somewhat  soluble,  and  in  the  course 
of  60 — 80  seconds  the  stable  form,  which  is  practically  insoluble  in 
boiling  water,  separates  out  quantitatively  in  the  form  of  a  flocculent, 
microcrystalline  solid.  The  labile  form,  however,  appears  to  be  un- 
affected in  benzene  solution,  and,  being  sparingly  soluble  in  the  cold 
and  readily  in  the  hot  solvent,  may  be  purified  without  loss  by 
crystallisation  from  this  medium.  The  rate  of  transformation  in 
alcoholic  solution  at  the  ordinary  temperature  is  sufficiently  slow  to 
enable  alcohol  to  be  used  in  its  purification  provided  it  is  quickly 
precipitated  out  of  solution  by  the  addition  of  cold  water.  In  genei-al 
it  would  appear  that  the  transformation  from  the  labile  to  the  stable 
form  is  effected  by  ionising  solvents.  The  transformation-velocities 
have  not  yet  been  measured. 
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The  stable  form  is  readily  soluble  in  aqueous  sodium  hydroxide, 
forming  a  yellow  solution  of  the  sodium  salt ;  it  is  also  soluble  in 
sodium  carbonate,  and  even  in  ammonia,  and  from  the  resulting  yellow 
solutions  it  is  precipitated  unchanged  by  acids  as  a  white,  gelatinous 
solid.  The  labile  form,  on  the  other  hand,  is  insoluble  in  aqueous  alkalis, 
but  gradually  changed  by  them,  and  even  by  ammonia,  and  on  standing 
passes  completely  into  a  yellow  solution  from  which  the  stable  form  is 
precipitated  by  acids  ;  the  change  is  quantitative.  From  their  respective 
behaviour  with  alkali,  there  can  be  no  doubt  that  it  is  the  less  easily 
fusible  stable  form  which  has  the  iminohydroxy-structure,  and,  there- 
fore, the  labile  form  the  simple  amide  configuration.  It  is  particularly 
the  latter  circumstance  that  renders  it  possible  that  many  supposed 
amides  are  really  iminohydroxides.  Of  the  two  forms  of  0-benzoyl- 
salicylamide,  that  possessing  the  amide  formula  is  unquestionably  the 
labile  modification,  and  in  no  circumstances  as  yet  has  it  been  found 
that  a  reverse  change  from  the  iminohydroxide  to  amide  takes  place. 
It  is  of  interest  to  record  that  the  instability  of  the  labile  form  is  not 
confined  merely  to  the  grouping  -CO'NHg  involved  in  the  change. 
The  stability  of  the  entire  molecule  is  apparently  affected.  Thus  with 
acetic  anhydride,  which  ordinarily  has  very  little  effect  on  amides,  it 
is  transformed  partly  into  the  acetyl  derivative, 
BzO-C6H4-CO-NH-CO'CH3 
(m.  p.  97°),  but  at  the  same  time  partly  by  loss  of  water  into  benzoyl- 
salicylonitrile ;  similarly,  during  benzoylation  in  presence  of  pyridine 
it  is  partly  converted  into  the  nitrile.  The  stable  form,  on  the  other 
hand,  gives  no  benzoylsalicylonitrile  with  acetic  anhydride,  and  behaves 
normally  during  pyridine  benzoylation  (see  p.  1224).  Again,  although 
the  stable  form  is  soluble  in  cold  concentrated  sulphm'ic  acid  without 
change,  the  labile  form  is  readily  hydrolysed,  yielding  salicylamide 
and  benzoic  acid,  thus  showing  greater  general  instability.  Owing  to 
the  extreme  ease  with  which  the  labile  form  changes  into  the  stable, 
great  difficulty  was  encountered  in  isolating  the  former  in  workable 
quantities,  since  the  transformation  occurs  continually  during  its 
formation  by  wet  benzoylation  and  subsequent  purification,  Sevei'al 
attempts  failed  to  produce  any  of  the  substance,  but  ultimately,  by 
adopting  special  precautions,  it  was  found  possible  to  isolate  the  labile 
compound  perfectly  pure  and  in  moderately  good  yield. 

Besides  the  two  monobenzoyl  derivatives  obtained  in  the  benzoyl- 
ation of  salicylamide,  a  dibenzoyl  derivative  (3)  was  isolated,  which 
melted,  when  pure,  at  129°,  and  in  many  cases  this  substance  was 
formed  in  the  largest  proportion.  Its  production  is  due  to  the  further 
action  of  benzoyl  chloride  in  presence  of  sodium  carbonate  on  0-benzoyl- 
salicyliminohydroxide,  which  is  continually  being  formed  during  the 
reaction    by    the     rearrangement    of     0-benzoy^salicylamide.       This 
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secondary  benzoylation  occurs  witli  greater  rapidity  than  the  primary 
process,  which  leads  to  the  formation  of  O-benzoylsalicylamide  \  hence 
there  is  a  great  tendency  during  the  benzoylation  of  salicylamide 
towards  the  production  of  dibenzoylsalicylamide,  even  when  1  mol.  of 
benzoyl  chloride  only  is  used,  in  which  case  a  large  proportion  of  the 
salicylamide  remains  unaffected.  Since,  however,  the  dibenzoyl 
derivative  is  formed  from  the  O-benzoylsalicyliminohydroxide,  and  not 
directly  from  the  salicylamide  or  0-benzoylsalicylamide,  the  extent  of 
production  of  the  dibenzoyl  derivative  is  obviously  determined  by  the 
rate  of  transformation  of  the  labile  into  the  stable  monobenzoyl 
derivative.  Hence,  by  limiting  the  rate  of  rearrangement,  more 
O-benzoylsalicylamide  and  correspondingly  less  dibenzoylsalicylamide 
is  formed.  This  was  effected  by  careful  and  slow  addition  of  the 
alkali,  which  is  the  chief  agent  effecting  rearrangement,  and  by 
offering  the  maximum  surface'  of  contact  between  the  benzoyl  chloride 
and  sodium  salicylamide  in  order  to  hasten  the  primary  benzoyl- 
ation. Working  under  these  conditions,  the  lai'gest  yield  of  the 
labile  monobenzoyl  derivative  was  obtained,  whilst  when  the  con- 
ditions were  reversed  the  largest  yield  of  the  dibenzoyl  derivative 
resulted. 

Dibenzoylsalicylamide  may  be  either  BzO*C,.H^'C(OBz)!NH  or 
BzO-C^H^-CO'NHBz  ;::  BzO-CgH^-CXOHjINBz.  Although  the  first  of 
these  formulpe  might  be  accepted  as  consistent  with  its  mode  of 
formation  from  O-benzoylaalicyliminohydroxideby  wet  benzoylation, the 
second  must  be  adopted  for  the  following  reasons  :  (1)  it  is  produced 
by  the  pyridine  benzoylation  of  hotli  0-benzoylsalicylamide  and 
0-benzoylsalicyliminohydroxide ;  (2)  on  benzoylation  in  presence  of 
pyridine,  it  yields  a  tribenzoyl  derivative  of  salicylamide  which,  from 
its  stability,  must  be  regarded  as  the  tertiary  amide, 

BzO-C.H^-CO-NBz.,; 
(3)  it  behaves  normally  as  a  secondary  amide,  is  readily  hydrolysed  by 
alkali,    even    by  ammonia,  and   shows  a  tautomeric  character.     The 
compound  is  therefore  0-iV-dibenzoylsalicylamide. 

A  compound  isomeric  with  this  substance  and  having  the  same 
melting  point  (128°)  and  similar  solubilities  has  been  described  by 
Beckmann  {Ber.,  1893,  26,  2625),  namely,  dibenzoylsalicylaldoxime, 
obtained  by  the  benzoylation  of  salicylaldoxime  by  the  Schotten- 
Baumann  method.  Owing  to  the  close  resemblance  between  these  two 
svibstances,  it  was  at  first  thought  that  they  were  identical,  and  that 
therefore  either  the  oxime  or  the  amide,  from  which  they  were 
respectively  derived,  had  undergone  reari'angement  during  benzoyl- 
ation. This  assumption  was,  however,  disproved  by  a  close  comparison 
of  the  properties  of  dibenzoylsalicylamide  with  the  dibenzoyl  derivative 
obtained  by  repeating  Beckmann's  work.     Beckmann's  compound   is 
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somewhat  less  soluble  in  solvents  than  the  authors'  compound,  and  is 
totally  unaffected  by  aqueous  sodium  hydroxide ;  further,  on  heating 
above  its  melting  point,  it  decomposes  suddenly  into  benzoylsalicylo- 
nitrile  and  benzoic  acid,  and  is  thus  distinguished  from  its  isomeride, 
which  breaks  up  slowly  at  a  much  higher  temperature.  There  is  not 
the  slightest  doubt  as  to  non-identity  of  the  two  substances. 

The  existence  of  two  forms  of  monobenzoylsalicylamide,  one  of 
which  is  labile,  might  be  expected  to  render  likely  the  existence  of  two 
corresponding  forms  of  6>-^V-dibenzoylsalicylamide,  BzO-C^H^'CO'NHBz 
and  BzO'C^H4*C(OH)!NBz.  As  already  stated,  both  monobenzoyl 
derivatives  yield  the  same  dibenzoyl  derivative  on  further  benzoylation 
whether  by  the  wet  or  the  pyridine  method.  It  is  evident,  therefore, 
that  the  labile  character  becomes  sufficiently  enhanced  by  the 
introduction  of  a  second  benzoyl  group  to  render  possible  the  existence 
of  only  one,  namely,  the  stable  modification  of  the  dibenzoyl 
derivative,  which  probably  has  the  benzoyliminohydroxy-structure, 
and  the  phenomenon  of  labile  isomerism  has  merged  into  one  of  actual 
tautomerism.  There  is,  however,  distinct  evidence  of  the  existence  of 
a  second  very  labile  form  of  the  dibenzoyl  derivative  which  has  not  yet 
been  isolated,  but  a  mixture  of  what  appears  undoubtedly  to  be  the 
two  forms  has  been  obtained  (see  p.  1226),  which  has  different  physical 
and  chemical  properties  from  those  of  the  stable  modification,  and 
attempts  are  being  made  to  isolate  the  labile  substance. 

Dibenzoylsalicylamide,    on    further    benzoylation    in    presence    of 
pyridine,  yields  tribenzoylsalicylamide,  melting  at  188°,  which  from  its 
sparing  solubility  in  solvents,  its  stability,  and  general  resemblance  to 
tribenzamide  must  be  regarded  as  the  tertiary  amide, 
BzO-C^H^-CO-NBz,. 

The  genetic  relations  of  the  benzoyl  derivatives  of  salicylamide  as 
elucidated  in  this  investigation  may  be  conveniently  set  forth  in  the 
scheme  : 


4  M   2 


1216      TITHERLEY    AND    HICKS:    LABILE    ISOMERISM    AMONG 


OH-CgH 

•CO-NHo 

OH-CgH/CC/CH, 

Salicylamide  (m.  p.  138°). 

II 

Heating  (ir 
zO-CeH/CO-NHo 

ionising 

standing  in 
— > 

solvents. 

BzO-CfiHj 

•C(OH):NH 

BzO-CgH^-CO-NHRz 


^ 


.v-^! 


Pj'vidine  benzoylition. 


BzO-CeH4-C(OH):NBz 

0-i\'^-Dibeiizoylsa]icylaniide 

(in.  p.  129°). 


BzO-CeH4'CO-NBz.2 

Tribenzoylsalicylamide 

(m.  p.  188°), 


Experimental, 

Condensation  of  Methyl  Salicylate  and  Sodi^im  Benzamide. 

In  repeating  this  work,  the  condensation  was  effected  as  described 
previously  (Titherley,  Trans.,  1902,  81,  1533).  From  the  product 
after  treatment  with  iced  water  and  filtering,  a  discoloured  alkaline 
solution  was  obtained  which,  on  acidifying,  gave  an  oil  quickly  solidify- 
ing to  a  brown,  granular  solid.  The  latter  was  drained  on  a  porous 
plate  to  remove  traces  of  oily  methyl  salicylate  present.  The  solid 
consisted  of  a  mixture  of  two  substances  which  were  separated  by 
treatment  with  boiling  water.  The  insoluble  residue,  after  purification 
by  crystallising  from  alcohol,  melted  at  205°  and  was  found  to  be 
identical  with  Gerhardt's  compound.  The  portion  which  was  soluble 
in  hot  water  and  which  showed  a  tendency  to  be  deposited  in  an  oily 
form  separated  out  in  faintly  discoloured  needles;  after  crystallisation 
from  light  petroleum,  it  was  obtained  in  flat,  colourless  needles  melting  at 
1 20°.  This  substance,  which  was  previously  mistaken  for  iY-benzoyl- 
salicylamide,  contained  5 'SI  per  cent,  of  nitrogen,  and  proved  on 
investigation  to  be  a  double  comjioimd  having  the  composition 
C,H5-CO-NH2,OH-C^H4-CO.,H  (N  =  5-40  per  cent.), 
which  has  already  been  described  by  Pinner  {Ber.,  1890,  23,  2936),  who 
isolated  it  as  a  by-product  in  the  condensation  of  methyl  salicylate 
and  benzamidine  in  presence  of  sodium  hydroxide.  Similar  double 
compounds    of    benzamide    with    oxalic    and    succinic  acid  have  been 
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described  by  one  of  the  authors  (Trans.,  1904,  85,  1682).  That  the 
above  bubstance  melting  at  120°  is  a  double  compound  and  not 
the  supposed  zY-benzoylsalicylamide  is  proved  by  the  following 
circumstances  :  (1)  the  larger  crystals  are  rendered  opaque  by  careful 
treatment  with  aqueous  sodium  hydrogen  carbonate  in  the  cold,  owing 
to  decomposition  into  benzamide  and  salicylic  acid,  which  goes  into 
solution  :  this  property  is  characteristic  of  the  other  double  compounds 
of  benzamide  alluded  to ;  (2)  on  warming  with  strong  aqueous 
ammonia,  the  compound  (m.  p.  120°)  decomposes  yielding  benzimide 
(m.  p.  128°)  and  salicylic  acid  (m.  p.  155°).  iV-Benzoylsalicylamide 
would  yield  benzamide  and  salicylamide  (m.  p.  138°),  as  dibenzamide 
with  ammonia  yields  only  benzamide  and  no  benzoic  acid  ;  (3)  a  com- 
pound identical  in  every  respect  with  the  substance  melting  at  120° 
can  be  prepared  by  digesting  a  mixture  of  salicylic  acid  and  benzamide 
with  an  excess  of  alkali,  filtering,  acidifying,  and  recrystallising  the 
precipitate  from  water. 

Although  a  large  number  of  experiments  were  carried  out  on 
the  condensation  of  sodium  benzamide  and  methyl  salicylate  under 
varied  conditions,  it  was  never  found  possible  to  obtain  iV-benzoyl- 
salicylamide,  which  is  apparently  too  unstable  in  presence  of  alkali  to 
be  thus  isolated.  The  method  is  evidently  of  no  value  for  the 
synthesis  of  this  substance,  and  other  methods  which  have  as  yet 
been  attempted  have  been  equally  unsuccessful.  The  production  of 
Gerhardt's  compound,  in  which,  for  reasons  already  stated,  the  benzoyl 
group  is  without  doubt  attached  to  phenolic  oxygen,  shows,  moreover, 
that  the  hydroxyl  group  in  methyl  salicylate  interferes  with  the 
normal  condensation  which  would  pi'oduce  the  A"-benzoyl  derivative. 


Wet  BenzoT/lation  of  Salicylamide. 

Prejxiration  of  0- Benzoylsalicylamide,  0-Benzoylsalicyliminohydroxide, 
and  O-N-Bibenzoylsalicylamide. 

Benzoyl  chloride  acts  fairly  rapidly  on  an  aqueous  solution  of 
salicylamide  in  sodium  hydroxide  (each  in  the  proportion  of  1  mol.), 
giving  dibenzoylsalicylamide  and  0-benzoylsalicyliminohydroxide  and 
very  small  quantities  of  0-benzoylsalicylamide.  The  action  is 
accompanied  by  a  generation  of  heat,  and  if  the  whole  mass  is  not 
well  cooled  the  products  formed  are  quickly  hydrolysed  forming 
salicylamide  and  benzoic  acid.  By  working  carefully,  a  14  per  cent, 
yield  of  dibenzoylsalicylamide  (m.  p.  126°)  and  a  6  per  cent,  yield  of 
0-benzoylsalicyliminohydroxide  (m.  p.  205°)  were  obtained,  whilst  the 
yield  of  the  labile  0-benzoylsalicylamide  (m.  p.  141°)  did  not  exceed 
1—2  per  cent. 
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By  using  aqueous  sodium  carbonate  instead  of  sodium  hydroxide  in 
the  benzoylation  of  salicylamide,  the  same  three  compounds  are 
produced,  but  the  process  can  be  better  controlled,  and  under  the 
conditions  described  below  may  be  used  with  greater  success  for  the 
pi^eparation  of  the  labile  compound.  Even  slight  variation  of  con- 
ditions, chiefly  temperature,  concentration,  and  the  order  of  addition  of 
the  materials,  greatly  affects  the  proportion  of  the  three  substances 
formed  relatively  to  each  other  and  to  the  salicylamide  originally 
present.  In  any  case,  when  molecular  proportions  of  the  interacting 
materials  are  taken,  large  quantities  of  unchanged  salicylamide  are 
found  at  the  end  of  the  reaction.  This  is  due  partly  to  the  formation 
of  dibenzoylsalicylamide,  which  cannot  be  entirely  prevented,  and 
partly  to  continual  hydrolysis  of  the  three  benzoyl  derivatives 
occurring  concurrently  with  their  formation.  In  the  earlier  experi- 
ments, attempts  were  made  to  avoid  these  difficulties  by  hastening  the 
benzoylation  by  violent  stirring  with  a  machine,  but  this  mechanical 
mixing  tended  to  increase  rather  than  diminish  the  yield  of  dibenzoyl- 
salicylamide. After  a  number  of  trials,  it  was  found  that  much  the 
best  yield  of  the  labile  0-benzoyl  derivative  could  be  obtained  by 
mixing  the  salicylamide  and  benzoyl  chloi"ide  first,  adding  a  strong 
aqueous  solution  of  sodium  carbonate  gradually  in  slight  excess,  and 
allowing  the  action  to  proceed  very  slowly.  The  following  experiment 
will  illustrate  the  best  conditions  for  the  formation  of  the  labile 
substance  :  28  grams  of  salicylamide  (1  mol.)  were  mixed  with  28 
grams  of  benzoyl  chloride  (1  mol.)  and  treated  gradually  with  a 
16  per  cent,  aqueous  solution  of  16  grams  of  sodium  carbonate  con- 
taining 92  per  cent.  NagCOg.  (representing  1 J  atoms  of  sodium).  The 
addition  of  the  sodium  carbonate  was  regulated  to  occupy  four  hours 
and  the  operation  was  conducted  in  a  large,  shallow,  glass  dish,  so  as  to 
offer  the  greatest  possible  surface  of  contact  between  the  interacting 
materials.  The  mass  soon  became  pasty  and,  with  occasional  stirring, 
almost  granular  in  five  hours.  The  whole  was  left  for  24  hours,  by 
which  time  the  aqueous  portion  was  quite  neutral  to  litmus.  The 
white,  granular  solid  was  filtered  off  at  the  pump,  washed  well  with 
water,  and  dried  on  a  porous  plate  at  the  ordinary  temperature.  It 
weighed  48  grams  and  consisted  essentially  of  unchanged  salicylamide 
and  its  labile  0-benzoyl  derivative  together  with  some  dibenzoyl- 
salicylamide. The  separation  of  these  substances  proved  a  difficult 
operation,  and  after  several  wasteful  attempts  to  remove  the  unchanged 
salicylamide  by  digesting  with  ammonia  or  sodium  carbonate  the 
following  px'ocess  was  finally  adopted  :  the  dry,  finely-powdered 
mixture  was  digested  with  70  grams  of  benzene,  warmed  to  50°,  and 
allowed  to  cool  and  stand  for  three  hours.  In  this  way,  the  dibenzoyl- 
salicylamide was  dissolved  out  of  the  mixture,  since,  although  when 
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pure  it  is  sparingly  soluble  in  cold  benzene,  it  is  readily  soluble  in 
presence  of  salicylamide. 

Dibenzoylsalicylamide. — The  benzene  solution  was  filtered  at  the 
pump  and  the  benzene  from  the  filtrate  removed  by  distillation  at 
100°.  The  residual  syrup,  which  solidified  on  cooling,  contained 
essentially  salicylamide  and  its  dibenzoyl  derivative  ;  these  were  easily 
separated  by  treatment  with  80  c.c.  of  ether,  in  which  the  former  is 
readily  and  the  latter  sparingly  soluble.  On  filtering  and  washing, 
dibenzoylsalicylamide  remained  as  a  nearly  white,  microcrystalline 
powder,  which  was  purified  by  crystallisation  from  a  small  quantity  of 
boiling  alcohol.  It  weighed  3  grams  and  melted  at  126''.  After 
repeated  crystallisation  from  alcohol,  it  melted  at  129°,  this  being  the 
highest  melting  point  recorded. 

O-Benzoulsalicijlamide. — The  portion  which  remained  insoluble  after 
digestion  and  washing  with  benzene  consisted  of  a  mixture  of  0-benzoyl- 
salicylamide  and  salicylamide  ;  it  weighed  32  grams  and  gave  an  intense 
ferric  chloride  reaction.  To  separate  these  substances,  the  whole  mas.s 
was  dissolved  in  about  500  c.c.  of  cold  absolute  alcohol  and  filtered,  and 
the  filtrate  was  quickly  diluted  with  about  1200  c.c.  of  water  until 
permanently  turbid.  After  five  minutes,  a  thick  precipitate  of  o-benzoyl' 
salicylamide  separated  out  as  scaly,  glistening  plates  having  a  snow- 
white,  fatty  lustre.  It  was  quickly  filtered  off  before  the  salicylamide 
began  to  separate,  well  washed,  and  di*ied  at  15°;  it  weighed  19  "5 
grams  (40  per  cent,  theoretical  maximum),  melted  at  143°,  gave  no 
ferric  chloride  reaction,  and  was  quite  pure.  By  crystallisation  from 
boiling  benzene,  or  pi-eferably  from  light  petroleum  containing  10  per 
cent,  of  benzene,  it  was  obtained  in  the  form  of  slender  needles  melt- 
ing at  144°. 

0-Benzoylsalicyliminohydroxide. — Under  the  conditions  of  the  above 
experiment,  practically  no  0-benzoylsalicyliminohydroxidewas  produced. 
"When,  however,  the  benzoylation  was  assisted  by  mechanical  mixing, 
and  when  the  addition  of  sodium  carbonate  was  not  regulated  care- 
fully, this  substance  was  produced  as  its  sparingly  soluble  yellow 
sodium  derivative,  together  with  an  increased  quantity  of  the  dibenzoyl 
compound,  and  little  or  none  of  the  labile  0-benzoyl  deriv- 
ative. The  separation  was  carried  out  in  the  following  manner  :  the 
granular  solid  at  the  close  of  the  reaction  (5 — 6  hours)  was  filtered 
off  and  washed  with  water.  From  the  filtrate  and  washings,  by 
acidifying  with  hydrochloric  acid,  a  mixture  of  salicylamide  and  the 
0-benzoylsalicyliminohydroxide  was  obtained ;  these  were  separated  by 
boiling  water,  in  which  the  latter  is  practically  insoluble.  The  above 
granular  solid,  after  drying  at  15°,  was  extracted  Avith  cold  benzene, 
and  from  the  benzene  solution  dibenzoylsalicylamide  was  obtained  in 
quantity  by  the  treatment  previously  described.     The  portion  insoluble 
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in  benzene  was  boiled  with  the  latter  and  filtered.  The  benzene  solu- 
tion contained  large  quantities  of  salicylamide  and  varying  small 
quantities  (sometimes  none)  of  the  labile  substance,  which,  if  present 
in  sufiicient  quantity,  was  separated  as  be '"ore.  The  portion  insoluble 
in  boiling  benzene  contained  0-benzoylsalicyliminohydroxide,  which 
was  purified  by  dissolving  in  warm  ammonia  and  precipitating  by 
hydrochloric  acid.  The  total  quantity  of  this  substance  obtained  was 
small  and  variable.  It  melted  at  205°,  and  after  repeated  crystal- 
lisation from  boiling  alcohol  at  208°.  Owing  to  its  sparing  solubility 
in  the  ordinary  solvents,  its  molecular  weight  was  determined  in 
ethylene  dibromide  by  the  ebullioscopic  method.  The  above  three 
benzoyl  derivatives  gave  the  following  results  on  analysis  and  deter- 
mination of  molecular  weights. 

(1)  0-Benzoylsalicylamide  (m.  p.  144°) : 

0  2685  gave  0-6852  CO2  and  01170  HgO.     C  =  69-59;  H  =  4-84. 
0-3103     „     16-1  c.c.  nitrogen  at  18°  and  765  mm.     N  =  6-02. 
0-6887  in  36-08  acetic  acid  gave  M  -  0-30°.     M.  W.  -  247. 
Ci^Hi^OgN  requires  C  =  69-71;  H  =  4-57;  N  =  5-81   per  cent.;  and 
M.  W.=241. 

(2)  0-Benzoylsalicyliminohydroxide  (m.  p.  208°)  : 

0-2553  gave  0-6515  CO.,  and  0  1050  H,0.     C  =  69-60 ;  H  =  4-57. 

0-2042     „     11-0  c.c.  nitrogen  at  18°  and  765  mm.     N  =  6-25. 

0-5230  in  38-08  ethylene  dibromide  gave  A^  0-36°.     M.  W.  =  241. 

C14H11O3N    requires  0  =  6971;    H  =  4-57;    N  =  5-81  per   cent.;   and 

M.  W.  =  241. 

(3)  O-'N -Dibenzoylsalicylamide  (m.  p.  128°)  : 

0-2278  gave  0-6129  COo  and  00957  HgO.     C  =  73-37  ;  H  =  466. 
0-2366     „     8-3  c.c.  nitrogen  at  21°  and  764  mm.     1^  =  4-01. 
0-7907  in  35-33  acetic  acid  gave  At  -  0-25°.     M.  W.  =  347. 
C21H15O4N   requires   0  =  73-05;    H  =  4-34;    N  =  4-06  per  cent. ;  and 
M.  W.  =  345. 

0-Benzoylsalicylamide,  BzO'0,.H4*CO'NH2,  is  insoluble  in  cold  water 
and  light  petroleum,  and  sparingly  soluble  in  cold  ether  and  benzene, 
but  fairly  readily  in  boiling  ether  and  benzene,  from  which  it  crystal- 
lises in  glistening,  pearly  plates.  It  is  fairly  readily  soluble  in  cold 
alcohol,  and  readily  in  the  cold  in  chloroform,  ethyl  acetate,  methyl 
alcohol,  glacial  acetic  acid,  and  pyridine. 

The  pui-e  substance  on  heating  melts  at  143 — 144°,  but  a  few 
degrees  above  its  melting  point  rapidly  becomes  solid  owing  to  con- 
version into  0-benzoylsalicyliminohydroxide.  On  prolonged  heating 
below  its  melting  point,  it  appears  to  undergo  very  little  change  prq- 
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vided  it  is  perfectly  dry,  and  the  stability  limit  is  coincident  with  its 
melting  point.  The  transformation  to  the  stable  form  does  not  pro- 
ceed quantitatively,  nob  because  of  a  reversible  equilibrium,  but 
because  during  the  change  a  small  quantity  of  the  labile  substance 
undergoes  general  decomposition,  forming  resinous,  apparently  poly- 
meric substances  and  a  little  benzoylsalicylonitrile,  which  were  not 
obtained  in  sufficient  quantity  to  admit  of  investigation.  By  heating 
the  labile  substance  for  an  hour  at  150°,  at  least  8U  per  cent,  is  con- 
verted into  the  stable  substance,  which  can  be  isolated  from  the 
resulting  mass  by  digesting  with  cold  alcohol,  in  which  it  is  sparingly 
soluble.  The  stable  substance  remains  as  a  white,  granular  powder, 
melting  before  crystallisation  at  203°. 

0-Benzoylsalicylamide,  on  heating  with  water,  dissolves,  but,  if  the 
solution  is  kept  at  100°,  in  about  60 — 80  seconds  the  stable  substance 
separates  out  as  a  flocculent,  microcrystalline  precipitate  melting  at 
205°,  and  the  change  is  quantitative. 

With  alkalis,  0-benzoylsalicylamide  is  transformed  at  the  ordinary 
temperature  more  or  less  rapidly  into  the  stable  compound,  and  the 
change  is  very  rapid  if  the  substance  is  finely  divided.  With  a  cold 
freshly -prepared  solution  of  sodium  hydrogen  carbonate,  it  is  unaffected, 
but  with  aqueous  ammonia,  sodium  carbonate,  or  sodium  hydroxide 
intense  yellow  solutions  result,  which  on  acidification  give  a  white, 
gelatinous  precipitate  of  0-benzoylsalicyliminohydroxide  melting  at 
203 — 205°.  The  change  is  quantitative  if  care  be  taken  to  avoid 
hydrolysis,  which  takes  place  on  standing  or  warming.  Although 
0-benzoylsalicylamide  is  thus  changed  by  alkali  and  gradually  passes 
into  solution,  it  is  quite  evident  that  the  substance  itself  is  insoluble, 
dissolving  only  as  a  result  of  the  change  to  the  stable  compound,  as 
can  be  readily  observed  in  the  behaviour  of  the  larger  crystals,  where, 
owing  to  the  slowness  of  the  change,  the  process  can  be  closely  followed. 
When,  on  the  other  hand,  an  alcoholic  solution  of  the  labile  amide  is 
treated  with  sufficient  alkali,  the  transformation  is  instantaneous  and 
quantitative,  and  the  substance  may  be  titrated,  using  phenolphthalein 
as  an  indicator  (the  0-benzoylsalicyliminohydroxide  formed  behaves 
like  a  monobasic  acid,  see  p.  1223). 

By  adding  to  the  resulting  neutral  solution  of  sodium  0-benzoyl- 
salicylimino-oxide  a  known  considerable  excess  of  sodium  hydroxide 
and  allowing  to  remain  for  24  hours  at  30°,  the  benzoyl  derivative  was 
completely  hydrolysed.     The  following  results  were  obtained  : 

(1)  0-1725  0-benzoylsalicylamide  required  7-0  c.o.  ^/lO  NaOH  (direct 

titration). 

(2)  0-1725  0-benzoylsalicylamide  required  14-3  c.c.   i\710  (after  com- 

plete hydrolysis). 
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The  change  (1)  BzO-C^H^-CO-NHg  +  NaOH  =  BzO-0,H4-C(ONa):NH  + 

H.p  requires  1  moir=7-15  c.c.  i\710]SraOH. 
*The  change  (2)  BzO-06H4-CO-NH2  + 2N'aOH=:NaO•CgH,•CO•NH2  + 
C6H5•C02Na+H20  requires  2  mols.  =  14-3  c.c.  iV/lO  NaOH. 

0-Benzoylsalicylamide  spontaneously  undergoes  transformation  to 
'the  iminohydroxide  when  dissolved  in  alcohol,  pyridine,  or  other 
ionising  solvents,  slowly  at  the  ordinary  temperature,  more  rapidly  on 
heating.  In  alcoholic  solution  at  20°,  the  change  is  inappreciable  in  a 
few  minutes,  but  in  three  days  the  iminohydroxide  begins  to  separate 
out  as  tufts  of  needles  and  the  change  is  complete  in  less  than  seven  days. 
A  5  per  cent,  solution  in  pyi-idine  shows  incipient  change  at  20°  in 
15  minutes,  and  on  diluting  with  water  a  yellow  solution  results,  con- 
taining traces  of  iminohydroxide  (pyridine  salt),  but  by  neutralising 
the  solution  with  hydrochloric  acid,  which  precipitates  the  labile  amide, 
the  majority  may  be  recovered  unchanged.  A  pyridine  solution  of  the 
labile  amide,  on  standing  several  hours,  assumes  a  bright  yellow 
colour,  and  in  less  than  ten  days  the  change  is  complete.  On 
treatment  with  water,  part  of  the  iminohydroxide  is  deposited  as  a 
white  precipitate  melting  at  203°,  and  the  remainder  (m.  p.  204°)  from 
the  aqueous  pyridine  solution  by  addition  of  hydrochloric  acid. 

0-Benzoylsalicylamide  is  not  appreciably  affected  in  acetic  acid 
solution,  and  after  a  few  hours  is  precipitated  unchanged  by  adding 
water  ;  it  is  also  unaffected  by  benzoyl  or  acetyl  chloride,  in  both  of 
which  it  dissolves  on  warming,  and  crystallises  unchanged  on  cooling. 
With  benzoyl  chloride  in  presence  of  pyridine  it  is  readily  benzoylated, 
yielding  O-A'-dibenzoylsalicylamide  (see  p.  1224),  and  with  acetic 
anhydride  it  yields  a  mixture  of  benzoylsalicylonitrile  and  0-benzoyl- 
iV^-acetylsalicylamide  (see  p.   1227). 

0-Benzoylsalicylamide  is  readily  decomposed  hydrolytically  by  cold 
'concentrated  sulphuric  acid,  forming  salicylamide  and  benzoic  acid. 

O-Benzoylsalicyliminohydroxide,  BzO'C^H4'C(OH)INH,  is  the  com- 
pound described  by  Gerhardt  and  Chiozza  {loc.  cit.)  as  benzoyl 
salicylamide  and  by  Limpricht  {loc.  cit.)  as  benzoylsalicylamic  acid 
(m.  p.  200°).  When  perfectly  pure,  it  melts  at  208°  ;  it  is  insoluble  in 
cold  water,  and  only  very  slightly  in  hot  water ;  sparingly  soluble  in 
cold  alcohol,  not  very  soluble  in  hot  alcohol,  but  crystallises  well 
on  cooling  in  very  light,  small  needles.  It  is  practically  insoluble  in 
ether,  light  petroleum,  and  benzene ;  very  sparingly  soluble  in  cold 
glacial  acetic  acid,  but  dissolves  fairly  readily  in  the  hot  solvent,  from 

*  Salicylamide  may  be  titrated  practically  as  a  monobasic  acid,  using  plienol- 
phthalein  as  an  indicator,  and  therefore  when  neutral  takes  up  1  mol.  of  NaOH  as  in 
the  equation.  Exact  determinations  have  shown  that  under  the  conditions  of  the 
above  experiments  1  mol.  of  salicylamide  requires  0'93  mol.  of  caustic  soda. 
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which  it  separates  in  needles  ;  it  is  readily  soluble  in  pyridine,  and 
gives  no  coloration  with  ferric  chloride  in  presence  of  water,  alcohol, 
or  its  other  solvents. 

On  heating  at  270°,  as  Limpricht  {loc.  cit.)  has  shown,  it  slowly  loses 
water  and  passes  into  "  benzoylsalicylimid,"  a  polymeric  form  of 
benzoylsalicylonitrile,  which  forms  yellow  needles  very  sparingly 
soluble  in  alcohol. 

The  iminohydroxide  is  readily  soluble  in  alkali,  forming  intense 
yellow  solutions,  which,  on  acidifying,  yield  a  bulky,  gelatinous  pre- 
cipitate of  the  unchanged  substance.  With  ammonia,  a  yellow 
ammonium  salt  is  formed,  which  has  not  been  isolated  in  the  pure 
condition,  but  a  mixture  of  the  iminohydroxide  and  its  ammonium 
salt,  having  a  bright  yellow  colour,  may  be  obtained  by  adding 
alcoholic  ammonia  to  an  alcoholic  solution  of  the  labile  0-benzoyl- 
salicylamide  and  allowing  the  liquid  to  evaporate.  The  ammonium 
salt  becomes  white  at  150°,  losing  ammonia  and  forming  the  imino- 
hydroxide. In  aqueous  solution,  the  ammonium  salt  is  unaffected  by 
heating  with  excess  of  ammonia.  0-Benzoylsalicyliminohydroxide  is 
unaffected  by  cold  freshly  prepared  aqueous  sodium  hydrogen 
carbonate,  but  with  sodium  carbonate  or  sodium  hydroxide  is 
instantly  turned  bright  yellow  owing  to  its  conversion  into  the 
sparingly  soluble  sodivim  salt,  which  dissolves  on  the  addition  of  more 
water.  The  resulting  yellow  solution  is  unstable  in  presence  of  excess 
of  alkali,  hydrolysis  slowly  taking  place  at  the  ordinary  temperature 
and  rapidly  on  warming,  with  formation  of  sodium  salicylamide  and 
benzoate,  and  the  progress  of  the  change  can  easily  be  observed  by  the 
gradual  disappearance  of  the  yellow  colour.  The  behaviour  of 
0-benzoylsalicyliminohydroxide  in  alcoholic  solution  with  caustic  soda 
was  quantitatively  studied.  Using  phenolphthalein  as  an  indicator, 
0-2174  required  9-0  c.c.  iV^/10  NaOH. 

The  change  BzO-CgH^-C(OH):NH  +  NaOH  =  BzO-O^H^-C(0]Sra):NH 
+  H2O  requires  1  mol.-902  c.c.  i\^/10  NaOH. 

The  resulting  solution  was  treated  with  a  known  large  excess  of 
iV/10  NaOH,  allowed  to  remain  at  18°  for  24  hours,  and  the  excess  of 
alkali  estimated. 

0-2174  required  18-0  c.c.  NjlO  NaOH  after  hydrolysis. 

The  change  BzO-C6H4-C(OH):NH  +  2NaOH  =  NaO-C^H^-CO-NH,  + 
CgHs-CO^Na  +  HoO  requires  2  mols.  =  1804  c.c.  NjXO  NaOH. 

When  0-benzoyliminohydroxide  was  treated  with  exactly  2  mols.  of 
caustic  soda  instead  of  an  excess,  only  partial  hydrolysis  (69  percent.) 
had  occurred  in  24  hours  at  18°,  and  by  taking  varying  amounts  it 
was  found  that  the  velocity  of  hydrolysis  is  influenced  in  the  usual 
way  by  the  concentration   of  the  alkali.     After  complete  hydrolysis. 
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salicylamide  and  benzoic  acid  were  extracted,  after  acidifying,  by 
shaking  with  ether ;  on  removing  the  ether,  the  two  substances 
w^ere  separated  by  means  of  warm  light  petroleum,  recrystallised,  and 
readily  identified  by  their  melting  points  and  properties. 

0-BenzoylsalicyIiminohydroxide  in  presence  of  aqueous  alkali,  pre- 
ferably sodium  carbonate,  is  readily  benzoylated  on  treatment  with 
benzoyl  chloride.  On  stirring,  the  yellow  colour  slowly  disappears  and 
a  pasty  mass  results  which  sets  to  a  crystalline  solid,  which,  after 
washing  and  drying,  melts  at  123°,  and  after  crystallisation  from 
alcohol  fuses  at  127  — 128'^.  The  benzoyl  derivative,  the  yield  of  which 
is  practically  theoretical,  is  identical  with  the  product  (dibenzoyl- 
salicylamide)  obtained  in  the  wet  benzoylation  of  salicylamide,  and 
there  can  be  no  doubt  that  it  is  produced  in  this  process  through  the 
intermediate  formation  of  0-benzoylsalicyliminohydroxide.  The  same 
dibenzoyl  derivative  is  obtained  by  the  pyridine  benzoylation  of  the 
iminohydroxide  (see  p.  1225). 

0-Benzoylsalicyliminohydroxide  is  soluble  without  change  in  cold 
concenti'ated  sulphuric  acid  (compare  its  labile  isomeride)  and  is 
unaffected  by  acetyl  chloride.  With  acetic  anhydride,  it  is  unaffected 
on  heating,  but  dissolves  and  crystallises  out  on  cooling  ;  on  prolonged 
boiling,  however,  with  acetic  anhydride,  it  is  broken  up  into  benzoic 
acid,  salicylamide,  and  oily  (apparently  polymerised)  products  which 
have  not  been  identified. 

O-'S-Dibenzo-ylsalicylamide,  BzO-CgH^-CO-NHBz  -^ 

BzO-C6H^-c(oh):nbz. 

This  compound  has  been  obtained  in  the  following  ways  :  («)  by 
wet  benzoylation  of  salicylamide;  (6)  by  wet  benzoylation  of  0  benzoyl- 
salicyliminohydroxide ;  (c)  by  pyridine  benzoylation  of  0-benzoyl- 
salicylamide ;  {d)  by  pyridine  benzoylation  of  0-benzoylsalicylimino- 
hydroxide.     Methods  («)  and  {b)  have  already  been  described. 


(c)  Pyridine-henzoylation  of  0-Benzoylsalicylamide. 

Three  grams  of  O-benzoj^lsalicylamide  (1  mol.)  dissolved  in  8  grams 
of  pyridine  were  treated  gradually  with  1-75  grams  (1  mol.)  of  benzoyl 
chloride,  and  the  mixture,  which  became  warm,  was  kept  cool  and 
allowed  to  stand  protected  from  moisture.  It  assumed  a  yellow 
tinge,  but  pyridine  hydrochloride  did  not  separate.  After  24  hours,  the 
mixture  was  treated  with  about  70  c.c.  of  pure  ether,  stirred  well,  and 
quickly  filtered  from  the  crystalline,  semi-oily  insoluble  pyridine 
hydrochloride.  The  ethereal  pyridine  solution  was  allowed  to 
evaporate  for  several  hours  ;  needles  separated  consisting  of  a  mixture 
of  dibenzoylsalicylamide  and  benzoylsalicylonitrile  ;  these  were  filtered 
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off  at  the  pump  from  the  syrup  and  washed  with  ethor.  After  drying 
on  a  porous  plate,  these  two  substances  were  separated  by  digestion 
with  cold  benzene,  in  which  the  nitrile  is  readily  and  the  other 
sparingly  soluble.  The  impure  nitrile  was  obtained  by  evaporation 
from  the  benzene  filtrate,  and  was  purified  by  digesting  with  cold 
caustic  soda  and  washing.  In  this  way,  0*4  gram  of  henzoylsalicylo- 
nitrile  was  obtained,  which  crystallised  from  boiling  light  petroleum 
in  fine,  white,  silky  needles  (m.  p.  106°). 

0-1019  gave  56  c.c.  nitrogen  at  22°  and  760  mm.     N  =  6-28. 
Cj^HgOgN  requires  N  =  6"27  per  cent. 

The  above  syrup,  when  treated  with  an  excess  of  dry  ether,  slowly 
yielded  a  thick,  crystalline  precipitate  of  dibenzoylsalicylamide  ;  this  was 
separated  and  added  to  the  crystals  which  remained  after  digesting 
the  original  needles  with  cold  beiizene.  A  further  batch  of  the 
dibenzoyl  dei-ivative  was  obtained  by  dissolving  in  alcohol  the  oily 
pyridine  hydrochloride  residue  after  the  original  treatment  with  ether 
and  allowing  the  solution  to  evaporate.  The  total  yield  of  dibenzoyl- 
salicylamide obtained  weighed  1'5  grams  (35  per  cent,  of  theory)  ;  it 
was  recrystallised  from  a  boiling  mixture  of  benzene  and  light 
petroleum,  and  finally  from  absolute  alcohol,  from  which  it  separated 
in  thick  prisms  melting  at  126^. 

0"1761  gave  6'4  c.c.  nitrogen  at  22°  and  760  mm.     N  =  4'll. 
Co]^Hj-O^N  requires  N  =  4-06  per  cent. 

The  complete  identity  of  the  substance  with  that  obtained  by  the 
wet  benzoylation  of  salicylamide  and  (9-benzoylsalicyliminohydroxide 
was  shown  by  a  comparison  of  their  properties  and  by  the  definite 
melting  point  given  by  mixtures  of  the  two  specimens. 

{d)  Pyridine-henzoylation  of  0-Benzoylsalicylimino/iydroxide. 

Onemol.  of  0-benzoylsalicyliminohydroxide  dissolved  in  three  times  its 
weight  of  pyridine  was  treated  gradually  with  1  mol.  of  benzoyl  chloride. 
The  mixture,  which  became  warm  and  assumed  a  yellow  colour,  was 
cooled  and  allowed  to  stand  protected  from  moisture  for  12  hours  to 
complete  the  benzoylation;  it  was  then  treated  with  an  excess  of  pure 
ether,  rapidly  stirred,  and  filtered  from  the  insoluble  pyridine  hydro- 
chloride ;  the  ethereal  solution  was  allowed  to  evaporate,  and  finally 
heated  on  the  water-bath  to  remove  pyridine.  On  cooling,  a  mass  of 
needles  (dibenzoylsalicylamide)  separated,  which  were  digested  and 
washed  with  ether  *  and  recrystallised  from  boiling  alcohol.    It  melted 

Although  dibeuzoylsalicylaraide  is  practically  iusohible  in  ether,  it  is  readily 
sohible  iu  presence  of  pyridine,  and  therefore  removed  by  ether  from  the  reaction 
product  after  benzoylation. 
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at  126°,  and  a  further  batch  of  the  substance  was  obtained  from  the 
ethereal  washings  on  evaporation,  as  well  as  from  the  pyridine  hydro- 
chloride, by  dissolving  in  alcohol  and  allowing  the  solution  to  evaporate. 
The  total  amounted  to  an  almost  theoretical  yield,  and  there 
was  no  benzoylsalicylonitrile  formed  (compare  the  pyridine-benzoylation 
of  the  labile  isomeride).  The  substance  was  identical  in  every  respect 
with  that  produced  from  the  labile  isomeride  or  by  the  other  methods. 

Dibenzoylsalicylamide  when  perfectly  pure  melts  at  129°,  and  gives 
no  coloration  with  ferric  chloride ;  it  is  insoluble  in  cold  water,  not 
very  soluble  in  cold,  although  readily  so  in  hot,  alcohol,  and  almost 
insoluble  in  ether.  It  is  not  very  soluble  in  benzene,  and  almost  in- 
soluble in  light  petroleum,  but  dissolves  fairly  readily  in  chloroform, 
ethyl  acetate,  glacial  acetic  acid,  and  pyridine.  Dibenzoylsalicylamide, 
on  melting  and  quickly  cooling,  sets  to  a  hard,  transparent,  brittle  glass 
which  is  quite  amorphous  and  even  on  standing  shows  no  tendency 
to  crystallise. 

This  amorphous  modification  is  a  distinct  phase,  and  melts  inde- 
finitely between  55°  and  60°,  but  on  heating  to  about  80°  the  liquid 
sets  to  a  crystalline  solid  which  melts  sharply  at  128°.  If  the  crystal- 
line modification  melting  at  128°  is  melted,  then  cooled  slowly  and 
kept  at  85°  for  about  40  minutes,  it  begins  to  solidify,  and  when  com- 
pletely solid  it  again  melts  sharply  at  128°.  These  physical  changes 
are  interesting,  inasmuch  as  they  point  to  the  existence  of  a  labile 
isomeride.  It  is  probable  that  the  stable  form  (m.  p.  128°)  on  fusion 
passes  into  a  mixture  of  two  forms, 

BzO-CcH4-CO-NHBz  ^  BzO-CeH,-CXOH):NBz, 

in  isodynamic  equilibrium,  which  is  disturbed  by  lowering  the  tem- 
perature 20°,  so  that  if  kept  at  this  temperature  sufiiciently  long  only 
the  stable  form  appears.  When,  however,  the  mixture  of  forms  is 
quickly  cooled,  both  isomerides  may  be  expected  to  be  present  in  the 
resulting  amorphous  solid  in  the  ratio  in  which  they  existed  in  the 
equilibrium  mixture,  and  it  may  therefore  be  found  possible  to  isolate 
the  unstable  modification.  Experiments  with  this  object  in  view  are 
proceeding,  but  it  is  impossible  as  yet  even  to  say  which  of  the  two 
alternative  formulae  corresponds  to  the  stable  form  melting  at  128°. 

Dibenzoylsalicylamide  is  remarkably  unstable  in  presence  of  alkali, 
being  at  once  hydrolysed  with  the  elimination  of  benzoic  acid  and  the 
formation  of  0-benzoylsalicyliminohydroxide.  Even  ammonia  effects 
this  change,  the  crystals  slowly  dissolving  in  the  cold  to  a  yellow 
solution  containing  ammonium  benzoate  and  the  ammonium  salt  of 
the  substance  melting  at  208°  ;  the  decomposition  is  more  rapid  on 
heating.  Sodium  carbonate  behaves  similarly ;  sodium  hydroxide 
dissolves  dibenzoylsalicylamide  more  readily  with  similar  hydrolysis, 
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which  was  observed  quantitatively  by  using  iV/10  NaOH  and  titrating. 
Since  dibenzamide  dissolves  in  sodium  hydroxide  with  inappreciable 
hydrolysis,  unless  the  solution  is  warmed  or  allowed  to  stand,  and  is 
precipitated  unchanged  on  acidification,  this  exceptionally  easy 
hydrolysis  of  dibenzoylsalicylamide  is  very  striking.  All  attempts  to 
regain  the  unchanged  substance  by  dissolving  in  sodium  hydroxide  in 
the  cold  and  rapidly  acidifying  were  unsuccessful,  and  these  observa- 
tions explain  why  all  attempts  to  isolate  iV^-benzoylsalicylamide  by 
methods  involving  the  use  of  alkaline  media  have  failed. 

The  behaviour  of  the  amorphous  modification  of  dibenzoylsalicyl- 
amide with  aqueous  sodium  hydroxide  is  similar  to  that  of  the  stable 
form,  but  a  yellow  oil  is  fi^rst  formed  which  sets  to  a  granular  solid 
consisting  of  the  sodium  derivative  of  0-benzoylsalicyliminohydr- 
oxide. 

Dibenzoylsalicylamide  is  hydrolysed  by  cold  strong  sulphuric  acid 
forming  benzoic  acid  and  0-benzoylsalicyliminohydroxide,  which  is  pre- 
cipitated on  the  addition  of  water.  It  is  not  affected  by  acetyl 
chloride,  but  with  benzoyl  chloride  in  presence  of  pyridine  it  yields 
tribenzoylsalicylamide  (seep.  1228). 

O-Benzoyl-'S-acetylsalicylatnide,  BzO'CgH^-CO'NH'CO'CHg. 

0-Benzoylsalicylamide  was  boiled  for  half  an  hour  with  twice  its 
weight  of  acetic  anhydride,  and  the  resulting  liquid  was  evaporated 
by  heating  on  the  water-bath  to  remove  acetic  acid  and  excess  of 
anhydride.  The  residual  syrup,  which  did  not  crystallise  on  cooling, 
consisted  essentially  of  benzoylsalicylonitrile  and  O-benzoyl-iY-acetyl- 
salicylamide,  which  were  difficult  to  separate,  since  the  difference  in 
their  .solubilities  in  various  solvents  is  slight.  The  mixture  was  stirred 
with  an  excess  of  light  petroleum  at  40°  until  the  syrup  changed  to  a 
white,  granular  solid,  the  light  petroleum  was  decanted  off,  and  the 
solid  washed  successively  with  cold  light  petroleum  containing  small 
quantities  of  benzene,  alcohol,  and  finally  ether.  The  washings  con- 
taining the  more  soluble  nitrile  were  collected  and  evaporated,  and 
the  impure  crystalline  solid  recovered  was  digested  with  sodium 
hydroxide  and  washed  in  order  to  remove  traces  of  the  acetyl  deriv- 
ative present.  In  this  way,  pure  benzoylsalicylonitrile  was  obtained, 
which,  after  crystallisation  from  boiling  light  petroleum,  formed  snow- 
white  needles  (m.  p.  105°) ;  it  weighed  one-fifth  of  the  0-benzoyl- 
salicylamide  taken. 

The  insoluble  white,  granular  residue  which  remained  after  the 
above  treatment  was  dried  on  a  porous  plate  and  crystallised  from 
boiling  light  petroleum,  from  which  it  separated  on  cooling 
in  tufts  of  remarkably  long,    bi  ittle  needles ;    it  consisted    of    pure 
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O-benzoyl-iV-cacetylsalicylamide    and  melted    at    97°,  the    yield    being 
about  40  per  cent, 

0-2063  gave  9-1  c.c.  nitrogen  at  25°  and  763  mm,     N"  =  4-95. 
CjgHjgO^N  requires  ]Sr  =  4-94  per  cent. 

0-Benzoyl-iV-acetylsalicylamide  is  fairly  readily  soluble  in  alcohol, 
less  so  in  ether ;  it  dissolves  in  benzene  and  is  vei-y  soluble  in 
chloroform.  It  does  not  give  any  coloration  with  ferric  chloride,  and 
is  very  similar  in  its  properties  to  dibenzoylsalicylamide,  being  at 
once  decomposed  by  sodium  hydroxide  to  form  a  yellow  solution 
from  which  0-benzoylsalicyliminohydroxide  is  precipitated  by  acids. 
Ammonia  effects  the  same  change  slowly  in  the  cold  and  readily  on 
heating. 

Trihenzoylsalicylamide,  BzO'C^H^-CO'NBzg. 

This  compound  is  formed  by  the  pyridine  benzoylation  of  («) 
0-benzoylsalicyliminohydroxide  (using  excess  of  benzoyl  chloride)  or 
of  (6)  dibenzoylsalicylamide.  («)  0-Benzoylsalicyliminohydroxide 
(2-6  grams)  dissolved  in  10  grams  of  pyridine  was  ti-eated  gradually  with 
4  grams  of  benzoyl  chloride,  the  mixture  being  cooled.  The  product, 
which  assumed  a  deep  port-wine  tint,  was  left  for  12  hours,  and  then 
treated  with  80  c.c.  of  ether.  After  quickly  stirring  and  filtering 
from  the  insoluble  pyridine  hydrochloride,  the  ethereal  pyridine  filtrate 
was  allowed  to  evaporate,  when  hard,  discoloured,  crystalline  crusts  of 
impure  trihenzoylsalicylamide  separated.  The  crystalline  mass  was 
drained  on  a  porous  plate  and  digested  first  with  ether,  and  finally 
with  a  mixture  of  absolute  alcohol  and  ether,  in  which  the  tribenzoyl 
derivative  is  sparingly  soluble.  In  this  way,  the  colouring  matter  was 
mostly  removed  and  a  grey,  granvilar  powder  (3  grams)  remained, 
which  was  finally  purified  by  crystallisation  from  a  boiling  mixture  of 
equal  parts  of  alcohol  and  ethyl  acetate  ;  it  separated  slowly  on  cooling 
as  a  white,  crystalline  powder  melting  at  186 — 188°. 

{h)  Three  grams  of  dibenzoylsalicylamide  (1  mol.)  dissolved  in 
8  grams  of  pyridine  were  treated  with  1"3  grams  (1  mol.)  of  benzoyl 
chloride,  the  mixture,  which  darkened  to  a  port-wine  tint,  being  kept 
cool  and  left  for  24  hours.  At  the  end  of  this  time,  a  considerable 
portion  of  the  tribenzoyl  derivative  had  separated  out  as  a  micro-crystal- 
line powder  in  stellate  tufts,  and  the  majority  of  the  remainder  was 
deposited  by  treating  the  whole  with  3  to  4  volumes  of  absolute  alcohol. 
After  two  hovirs,  the  thick  precipitate  of  the  tribenzoyl  derivative  was 
collected  and  thoroughly  washed  with  cold  alcohol ;  it  weighed  2  grams 
and  was  practically  pure.  On  recrystallisation  from  boiling  alcohol, 
in  which  it  is  not  very  soluble,  it  was  obtained  in  woolly  needles 
(m.  p.  188°).  The  product  was  identical  in  every  respect  with  that 
obtained  by  method  (a). 
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0-1794  gave  5-0  c.c.  nitrogen  at  23^  and  765  mm.     N  =  3-16. 
^28^19^5^  requires  ]Sr  =  3"ll  per  cent. 

Tribenzoylsalicylamide  is  insoluble  in  water,  very  sparingly  soluble 
in  alcohol  and  ether  ;  it  is  moderately  soluble  in  benzene,  fairly  readily 
in  the  hot  solvent,  crystallising  out  slowly  on  cooling  or  on  addition  of 
light  petroleum,  and  it  dissolves  fairly  readily  in  chloroform.  It  does 
not  give  any  coloration  with  ferric  chloride,  is  unaffected  by  aqueous 
sodium  hydroxide  even  on  boiling,  but  is  decomposed  by  warming  with 
concentrated  sulphuric  acid,  yielding  benzoic  acid  and  O-benzoylsaHeyl- 
iminohydroxide. 

The  University, 

Liverpool. 


CXXIII. — Prepaixition  of  Benzeneazocoumarin ;  its  hear- 
ing on  the  Constitution  of  ^-Hydroxyazo-compounds. 

By  Herbert  Victor  Mitchell. 

The  question  as  to  whether  hydroxyazo-compounds  are  to  be  regarded 
as  azophenols  or  as  derivatives  of  quiuonephenylhydrazone  has  led  to 
a  very  considerable  amount  of  work,  and  a  list  of  references  to  such 
researches  was  given  in  a  previous  communication  (Hewitt  and 
Mitchell,  Trans.,  1905,  87,  225). 

The  results  have,  in  general,  favoured  the  view  that,  in  the  absence  of 
strong  mineral  acids,  the  ^^-hydroxyazo-compounds  are  true  azophenols, 
and  that  only  in  the  form  of  salts  with  strong  acids  they  may  possibly 
possess  a  quinonoid  constitution,  as  indicated  in  the  following  formula  : 


In  order  to  obtain  more  definite  information  on  this  point,  the  pre- 
paration of  benzeneazocoumaric  acid  was  attempted  in  order  to  see 
whether  this  could  be  made  to  lo^e  the  elements  of  water,  and  so  yield 
a  lactone  of  the  coumarin  type  ; 

\ch:ch 

The  existence  and  ready  formation  of  such  azocoumarins  would  seem 
VOL.   LXXXVIL  4   N 
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strongly  indicative  of  phenolic  constitution  ;  a  phenylhydrazone  of  the 
formula 


~  "\ 

would  hardly  be  likely  to  undergo  such  a  dehydration. 

The  formation  of  these  anhydrides  was  found  to  be  not  only  easy 
but  unavoidable,  the  addition  of  acids  to  the  alkaline  solutions  of  the 
azocouraaric  acids  precipitating  the  anhydrides  at  once. 

Since  the  conclusion  of  the  work,  the  author's  attention  has  been 
drawn  to  two  recent  papers  (Borsche,  Ber.,  1904,37,  346;  Borscho 
and  Streitberger,  ibid.,  p.  4116),  in  which  the  preparation  and  pro- 
perties of  benzeneazocoumarin  were  described.  The  object  of  the 
present  communication,  however,  is  quite  different  from  that  of 
Borsche,  for  whilst  he  was  engaged  in  proving  that  salts  of  cou marie 
acid  possess  a  phenolic  hydroxyl,  the  work  now  described  was  under- 
taken with  the  object  of  demonstrating  the  existence  of  a  ready- 
'  formed  hydroxyl  group  in  the  salts  of  azocoumaric  acids. 

Experimental. 
Benzeneazocoumarin. 

Coumarin  (16*4  grams)  was  stirred  with  a  solution  of  caustic  potash 
(30  grams)  in  water  (70  grams)  and  warmed  until  completely  dis- 
solved, when  the  application  of  heat  was  at  once  discontinued  in  order 
to  avoid  any  formation  of  the  isomeric  coumarate. 

The  solution  was  then  diluted  largely,  cooled  with  ice,  and  treated 
successively  with  sodium  acetate  and  a  phenyldiazonium  chloride 
solution  prepared  from  9*3  grams  of  aniline,  30  c.c.  of  hydrochloric 
acid,  and  7*2  grams  of  sodium  nitrite.  After  15  minutes,  the  mixture 
was  acidified  with  dilute  sulphuric  acid.  The  precipitate,  which 
crystallised  from  toluene  in  the  form  of  long,  golden  needles,  dissolved 
sparingly  in  most  organic  liquids,  was  somewhat  soluble  in  toluene, 
and  easily  so  in  chloroform.  After  two  crystallisations  from  toluene, 
it  melted  at  160°  (uncorr.),  the  corrected  melting  point  being  163°, 
whereas  Borsche  gave  158°.* 

0-2086  gave  0-5480  CO^  and  0-0785  HoO.     0  =  71-7  ;  H  =  4-2. 
^15-^10^2^2  requires  C  =  72-0  ;  H  =  4-0  per  cent. 
It  was   thought    desirable  to    precipitate    an   alkaline    solution    of 
benzeneazocoumaric  acid  by  means  of  carbon  dioxide,  and  to  examine 
the  product  without  any  recrystallisation  or  further  treatment  what- 
ever. 

*  The  remaining  melting  points  given  in  this  paper  are  all  corrected. 
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Benzeneazocoumarin  was  therefore  dissolved  in  hot  strong  caustic 
potash  solution  and  saturated  with  carbon  dioxide ;  the  light  yellow 
precipitate  which  separated  was  collected,  washed  with  cold  distilled 
water,  and  allowed  to  dry  at  the  ordinary  temperature,  when  it  proved 
to  be  the  unaltered  anhydride.  All  attempts  to  prepare  the  azocoumaric 
acids  have  ended  in  the  isolation  of  anhydrides. 

Benzeneazocoumarin,  on  treatment  with  dry  hydrogen  chloride,  did 
not  yield  a  hydrochloride. 

o-JVitrobenzeneazocoumarin, 

NO, 

The  process  employed  in  producing  this  compound  and  its  two 
isomerides  was  the  same  in  principle  as  that  described  in  the  foregoing 
preparation,  a  nitrophenyldiazonium  salt  being  substituted  for  the 
diazotised  aniline  solution. 

o-Nitrobenzeneazocoumarin  separates  from  toluene  in  rosettes  of 
small,  yellow  crystals,  which  melt  at  230° ;  it  is  soluble  in  chloroform 
and  toluene,  but  only  sparingly  so  in  alcohol,  acetone,  and  most  other 
organic  solvents. 

0-1643  gave  0-3678  CO.  and  0-0468  HgO.     C  =  61-0;  H-3-2. 
C^jHyO^Ng  requires  C==61-0;  11  =  3-1  per  cent. 

m.-Nitrohenzeneazocoumarin  crystallises  from  a  mixture  of  toluene 
and  pyridine  in  small,  reddish-brown  crystals  melting  at  225°,  which 
are  soluble  in  pyridine  and  chloroform,  sparingly  so  in  toluene,  and 
almost  insoluble  in  alcohol. 

0-1578  gave  03518  CO.  and  0-0463  H^O.    C  =  60-8  ;  H  =  3-3  per  cent. 

^-Nitrobenzeneazocouviarin  separates  from  toluene  in  the  form  of 
small,  scarlet  crystals,  and  its  alkaline  solutions  have  a  very  intense 
purplish-red  shade;  it  melts  at  261°,  and  is  soluble  in  boiliug  toluene, 
but  is  only  very  sparingly  soluble  in  pyridine,  chloroform,  alcohol,  or 
ether. 

0-1630  gave  03679  CO.  and  00508  H.O.    C  =  61-5  ;  H  =  3-5  per  cent. 

The  author  desires  to  express  his  indebtedness  to  Dr.  J.  T.  Hewitt 
for  advice  during  the  course  of  this  work. 
East  London  Technical  College. 
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CXXIV. — TliG  Combustion  of  Acetylene. 

By  William  Arthur  Bone  and  George  William  Andrew. 

The  experiments  described  in  this  paper  prove  that  the  combustion  of 
acetylene  is  a  process  of  essentially  the  same  type  as  that  involved  in 
the  cases  of  the  other  typical  hydrocarbons,  methane,  ethane,  and 
ethylene  (Trans.,  1902,  81,  536;  1903,  83,  1074;  1904,  85,  693, 
1637).  That  is  to  say,  the  oxygen  is  initially  incorporated  with  the 
hydrocarbon  giving  rise  to  an  unstable  molecule  which  rapidly  under- 
goes thermal  decomposition  into  simpler  products.  The  main  results 
of  the  research  may  be  summarised  as  follows. 

(1)  When  mixtures  of  acetylene  and  oxygen  are  sealed  up  in  glass 
vessels  at  the  atmospheric  temperature  and  pressure  and  afterwards 
heated,  interaction  begins  at  250°,  or  even  a  somewhat  lower  temperature, 
and  proceeds  rapidly  at  300°.  In  the  case  of  mixtures  corresponding  to 
2C0H2-I-O2  and  C2H2  +  O.,,  explosive  combustion  sets  in  at  350°,  and 
with  mixtures  corresponding  to  ^O.^K.^  +  SOg  at  about  375°.  The 
ignition  point  is  always  raised  either  by  reducing  the  initial  pressure 
or  by  the  addition  of  oxygen  over  and  above  an  equimolecular 
proportion. 

(2)  There  is  little  to  choose  between  the  rates  of  combustion  observed 
with  mixtures  corresponding  to  2C2H2  +  O2  and  C2H2-I-O2  respectively 
below  the  ignition  point.  An  excess  \)i  oxygen  over  and  above  an 
equimolecular  proportion  always  retards  the  process.  The  same 
thing  was  shown  to  hold  good  above  the  ignition  point  by 
H.  B.  Dixon  in  his  experiments  on  the  rates  of  explosion  of  acetylene 
and  oxygen  (PM.  Trans.,  1893,  184,  183). 

(3)  The  burning  of  acetylene  does  not  involve  the  preferential  oxid- 
ation of  either  carbon  or  hydrogen.  There  is  no  evidence  of  the  break- 
ing down  of  the   unstable   hydroxy-acetylene   into   carbon  and  steam, 

C-OH 

••;         =  20  +  H.,0,  a  possibility  suggested  by  H.  E.  Armstrong  (Trans., 

1903,  83,  1092).  The  formation  of  carbon  monoxide  and  hydrogen, 
which  occurs  in  accordance  with  the  empirical  equation 

C2H2-f-02  =  2CO  +  H2, 
when   an  equimolecular  mixture  of  acetylene  and  oxygen   is  exploded 
(Bone  and  Cain,  Trans.,  1897,  71,  26),  must  now  be  ascribed  to  the 
secondary  decomposition  of  the  primary  oxidation  product. 

(4)  Experiments  on  the  slow  combustion  of  acetylene  prove  that 
carbon  monoxide  and  formaldehyde  simultaneously  arise  at  an  early 
stage  of  the    process,  probably  as    the    result  of    the    decomposition 
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C-OH  ryu 

of  an  unstable  product  CgHgOg,  such,  for  example,  as  ••;        •     J-"©  pi'O- 

duction  of  formaldehyde  certainly  precedes  that  of  steam.     The  whole 
process  may,  we  think,  be  represented  by  the  following  scheme  : 

c-H  rc-OHn         co  +  H-c:o         HO-c:o 


Lc-ohJ 


C-H      ^     LC-OHj       "  H         ^  H       ^ 

(2CO  +  H2)  CO  +  H2  CO  +  H^      002  + H2O 

1.  2.  3.  "  4. 

Below  the  ignition  point  the  formic  and  carbonic  acids  produced  at 
stsiges  3  and  4  respectively  break  down  forming  steam  and  oxides  of 
carbon,  whilst  above  the  ignition  point  the  formaldehyde  produced  at 
stage  2  (or  possibly  also  the  dihydroxyacetylene  at  stage  1)  is  resolved 
into  carbon  monoxide  and  hydrogen. 

(5)  Separation  of  carbon  occurs  in  the  explosive  combustion  of 
acetylene  only  when  the  reacting  mixture  contains  more  than  an  equi- 
molecular  proportion  of  the  hydrocarbon,  and  it  must  be  attributed  to 
the  secondary  decomposition  of  the  excess  of  acetylene. 

(6)  In  contact  with  a  hot  catalysing  surface,  such  as  porous  porce- 
lain, acetylene  unites  with  steam,  forming  acetaldehyde  : 

CH  OH  rCH-OHl  CHO 

CH        "*"     H  ^      LcH,       J      "      CH3  • 

This  action  may  take  place  even  in  presence  of  oxygen;  and  introduces 
a  complication  whenever  the  hydrocarbon  is  being  burnt  over  a  hot 
surface.  In  such  circumstances,  the  secondary  decomposition  of 
acetaldehyde  might  give  rise  to  methane  (or  even  carbon  and  hydrogen) 
and  carbon  monoxide,  thus  : 

CH3-CH0  =  CH,  +  C0 

a  +  2H2 

(see  Bone  and  H.  L.  Smith,  this  vol.,  p.  910). 

(7)  In  none  of  the  experiments  was  there  any  evidence  of  the  forma- 
tion of  benzene.  In  presence  of  oxygen  and  below  the  ignition  point 
the  tendency  of  the  hydrocarbon  to  polymerise  is  practically 
negligible. 

Experimental. 

The  acetylene  used  in  these  experiments  was  prepared  from  com- 
mercial calcium  carbide.  The  crude  gas  was  passed  through  (1)  dilute 
sulphuric  acid,  (2)  a  mixture  of  bleaching  powder  with  excess  of 
quicklime,  (3)  two  towers  containing  "  kieselguhr  "  saturated  with  an 
acid  solution  of  cupric  and  ferric  chlorides,  and  (4)   a  strong   solution 
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of  caustic  potash.  The  final  purification  of  the  gas  was  effected  by 
soliclifi.cation  in  a  glass  bulb  immersed  in  liquid  air ;  on  subsequently- 
removing  the  liquid  air-bath,  the  solid  vaporised,  for  the  most  part 
without  melting,  at  a  rate  which  was  always  well  under  control.  The 
first  and  last  portions  of  the  gas  were  rejected,  the  middle  two-thirds 
being  retained  for  the  experiments.* 

The  oxygen  was  prepared  from  recrystallised  potassium  perman- 
ganate, and  the  experimental  mixtures  were  made  and  stored  in  a 
graduated  holder  (capacity  =  550  c.c.)  over  mercury.  The  ratios  of 
acetylene  to  oxygen  in  the  various  mixtures  were  2:1,  1  :  1,  2  :  3,  1:2, 
and  1  : 3  respectively ;  the  amount  of  adventitious  nitrogen  present 
was  usually  less  than  0*5  and  never  more  than  1"5  percent.  All 
pressure  records  and  analytical  data  given  in  this  paper  refer  to  the 
dry  "  nitrogen-free  "  gas. 

A.   The  Interaction   of  Aceti/lene  and  Oxygen  in  Borosilicate   Glass 
Jjulbs  at  Temperatures  between  250°  and  350°. 

In  these  experiments  the  mixtures  of  acetylene  and  oxygen  were 
sealed,  usually  at  the  atmospheric  temperature  and  pressure,  in  boro- 
silicate  glass  bulbs  (capacity  =  about  70  c.c),  which  were  afterwards 
kept  at  constant  temperatures  between  250°  and  350°  for  definite  time 
intervals.  The  gases  would  therefore  begin  to  react  at  pressures  of 
from  If  to  about  2i  atmospheres,  according  to  the  temperature  con- 
ditions. The  cooled  bulbs  were  subsequently  opened  under  mercury, 
or  in  connection  with  a  mercurial  manometer  of  capillaiy  bore.  After 
removal  of  the  gaseous  products  through  a  Topler  pump,  the  bulbs 
were  rinsed  out  with  distilled  water  and  the  rinsings  tested  for  alde- 
hydes. In  recording  the  results,  we  shall  in  each  case  give  (1)  the 
temperature  and  pressure  at  which  the  bulbs  were  filled  ;  (2)  the 
duration  of  heating  ;  (3)  the  '*  corrected  "  volume  (or  pressure)  change 
observed  on  opening  the  bulbs,  expressed  as  a  fraction  vjv^  (or 
PjPi)  °^  t^®  initial  volume  (pressure)  of  the  original  acetylene- 
oxygen  mixture;  (4)  the  composition  of  the  dry  "nitrogen-free" 
gaseous  products ;  and  (5)  the  ratio  CO/CO^  in  the  products. 

We  may  add  that,  except  in  the  few  cases  where  an  explosion 
occurred,  the  experimental  conditions  precluded  the  oxidation  either 
of  free  hydrogen  or  of  moist  carbon  monoxide. 

*  On  analysing  the  gas  by  explosion  with  large  excess  of  oxygen,  a  ratio  C/A  of 
exactly  0"75  M'as  obtained. 
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Exjyeriments  at  250"^, 

In  all  the  experiments  at  this  temperature,  an  equimolecular  mixture 
was  employed.  The  gases  reacted  with  fair  velocity,  the  whole  of  the 
oxygen  disappearing  in  one  case  (bulb  No.  8)  within  24  hours. 
Speaking  generally,  the  ratios  of  combustion  were  comparable  with 
those  observed  at  the  same  temperature  in  the  case  of  equimolecular 
mixtures  of  ethane  and  oxygen  (Bone  and  Stockings,  Trans.,  1904, 
85,  699),  but  considerably  faster  than  those  observed  with  equi- 
molecular mixtures  of  ethylene  and  oxygen  (Bone  and  Wheeler, 
Trans.,  1904,  85,  1641). 

\st  Series. — In  the  case  of  bulbs  ISTos.  1  to  4  (Table  la),  originally 
filled  at  17°  and  758  mm.  with  a  mixture  containing  51*8  and  48-2 
per  cent,  of  acetylene  and  oxygen  respectively,  there  was  a  gradual 
disappearance  of  oxygen  as  the  heating  was  prolonged  over  45  hours, 
although  at  the  end  of  the  experiment  some  still  remained  over. 
In  the  case  of  bulb  5,  originally  filled  at  18°  and  758  mm.  with 
an  exactly  equimolecular  mixture,  the  whole  of  the  oxygen  disappeared 
within  a  week.  In  all  the  bulbs  we  observed  the  formation  of  water, 
and  the  rinsings  always  gave  strong  aldehydic  reactions,  but  there  was 
never  any  separation  of  carbon.  The  gaseous  products  contained 
traces  of  hydrogen  and  also  of  a  saturated  hydrocarbon  (ethane),*  but 
no  ethylene.  Formaldehyde  was  detected  in  the  rinsings  from  bulb 
No.  3  by  means  of  its  characteristic  thio-derivative  (see  Drugman  and 
Stockings,  Proc,  1904,  20,  115),  whilst  those  from  No.  4  contained 
formic  acid  ;  in  no  case  could  any  formation  of  acetaldehyde  be  de- 
tected. In  the  case  of  bulbs  Nos.  1  and  2,  which  had  been  heated  for 
a  comparatively  short  time,  we  observed  the  formation  of  a  slight 
film  composed  of  white  solid  particles  which  entirely  disappeared 
after  a  longer  heating.  The  quantity  of  the  solid  formed  was  too 
small  to  admit  of  a  thorough  examination  of  its  properties,  but  it  was 
quite  insoluble  in  hot  water,  and  therefore  was  not  paraformaldehyde. 
It  evidently  had  only  a  tx'ansient  existence,  and  we  are  inclined  to 
think  that  it  was  probably  a  form  of  polyglycolide,  (O.^.^O.^xy  which 
might  very  well  be  formed  dui'ing  the  initial  stage  of  the  combustion. 
The  results  of  this  series  of  experiments  are  tabulated  on  p.  1236. 

*  We  have  proved  that  small  quantities  of  ethane  are  formed  when  acetylene  and 
formaldehyde  react  at  these  temperatures. 
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Table  I 


Bulb  No 

1. 

2. 

8. 

4. 

5 

Duration  of  heating  ... 

1  hour. 

4  hours. 

24  hours. 

45  hours. 

7  days. 

r,lv^. 

0-933. 

0-905. 

0-853. 

0-774. 

0-723. 

fCO,  

Tercentage      CO    

composition  J  C2H2 

1-3 
24-3 
41-0 
33-4 
nil 
nil 

4-5 

32-2 

37-0 

25-9 

0-3 

0-1 

9-70 

38-80 

34-10 

16-95 

0-35 

0-10 

18-35 

46-35 

29-45 

5-10 

0-55 

0-20 

21-50 

52-15 

25-80 

nil 

products.        H, 

0-40 
0-15 

CO/CO2    

18-7 

7-1 

4-0 

2-5 

2-4 

It  is  clear,  therefore,  that  whatever  may  be  the  mechanism  of  the 
combustion  it  does  not  involve  either  the  separation  of  carbon 
or  the  liberation  of  hydrogen.  In  this  connection,  a  significant  feature 
of  the  above  experiments  is  the  rapidly  diminishing  ratio  CO/COg  in 
the  products  as  the  combustion  proceeded.  Thus,  whereas  in  bulb  1, 
after  about  two-fifths  of  the  original  oxygen  had  disappeared,  this 
ratio  was  as  high  as  18-7,  it  afterwards  diminished  until,  in  bulb  No. 
5,  when  all  action  had  ceased,  it  had  fallen  to  the  low  value  2-4. 
This  circumstance  is  in  complete  harmony  with  the  view  that  the 
initial  stage  of  the  combustion  involves  the  formation  of  an  oxygenated 

molecule,  CgH^Og,  such,  for  example,  as  •-         ,  which  rapidly  breaks 

down  to  carbon  monoxide  and  formaldehyde,  the  last-named  product 
being  subsequently  burnt,  through  formic  and  carbonic  acids,  to  a 
mixture  of  CO,  COg,  and  steam.* 

2nd  Series. — The  above  results  were  confirmed  by  the  following 
series  of  experiments  in  which  three  bulbs,  originally  filled  at  19-5°  and 
757  mm.  with  an  exactly  equimolecular  mixture,  were  employed.  The 
rate  of  combustion  was,  it  will  be  seen,  more  rapid  than  in  the 
previous  series,  but  the  main  features  of  the  process  were  the  same  in 
both  cases.  The  results  are  tabulated  on  p.  1237,  and  we  would  again 
call  attention  to  the  rapidly  diminishing  ratio  CO/CO^  as  the  combustion 
proceeded. 

*  We  have  proved  that  the  formation  of  formaldehyde  precedes  that  of  steam  in  a 
series  of  experiments  on  the  interaction  of  dry  mixtures  of  hydrocarbons  and  oxygen, 
the  details  of  which  will  be  described  in  a  future  communication. 
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Bulb  No 

6. 

7. 

8. 

Duration  of  heating  ... 

1  lour. 

4  hours. 

24  hours. 

V^i- 

0-933. 

0-862. 

0-764. 

/-CO.3    ...      . 

1-7 
36-3 
37-8 
24-2 
nil 
nil 

8-85 

42-00 

32-80 

16-10 

0-10 

0-15 

21-95 

Percentaae      CO       

52  -20 

composition  J  C2H2   

•25-85 
nil 

products.        H, 

ICoHfi 

nil 
nil 

CO/CO.,    

21 --l 

4-75            i               2-4 

Exjyeriments  at  300°. 

In  order  to  test  the  influence  of  variations  in  the  relative  propor- 
tions of  the  two  gases  on  the  rate  of  combustion,  -we  experimented  at 
this  temperature  with  mixtures  containing  acetylene  and  oxygen  in 
the  ratios  2:1,1:1,2:3,  and  1  :  3  respectively.  About  equally  fast 
rates  were  observed  with  the  first  two  mixtures,  the  whole  of  the 
oxygen  usually  disappearing  within  from  30  to  60  minutes  (compare 
TablesIIand  III).  An  excess  of  oxygen  over  and  above  an  equimolecular 
proportion  always  retarded  the  combustion.  Thus,  in  the  case  of  the 
third  mixture,  where  the  ratio  of  acetylene  to  oxygen  was  2  :  3,  the 
process  was  never  completed  within  three  hours  [vide  Table  IV),  and  in 
the  case  of  the  fourth  mixture,  where  the  oxygen  exceeded  the 
amount  required  to  completely  burn  all  the  acetylene  to  carbon  dioxide 
and  steam,  some  of  the  hydrocarbon  actually  survived  after  three  days 
(see  Table  V).*  It  is  also  noteworthy  that  in  the  last-named 
experiments  the  ratio  CO/CO2  in  the  products  was  as  high  as  1-96. 

In  none  of  the  experiments  was  there  any  separation  of  carbon  or 
liberation  of  more  than  mere  traces  of  hydrogen.  In  all  cases  the 
rinsings  from  the  bulbs  gave  a  strong  aldehydic  reaction,  and  in  several 
experiments  we  had  no  difiiculty  in  identifying  formaldehyde  in  the 
condensed  products  by  means  of  its  characteristic  thio-derivative.  In 
H.  B.  Dixon's  experiments  on  the  rates  of  explosion  for  acetylene-oxygen 
mixtures  [PhU.  Trans.,  1893,  184,  183)  show  very  clearly  the  retarding  influence 
excess  of  oxygen  over  and  above   an  equimolecular  proportion.     Thus,    he 


of  an 
found 


Mixture 
Rate  


2961 


C2H.,+  1|02 

2716 


C2H2  +  2i02. 

2391  metres  per  second. 
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one  or  two  experiments,  where  the  heating  had  been  prolonged,  the 
products  contained  traces  of  acetaldehyde,  formed,  as  we  afterwards 
proved,  by  the  direct  interaction  of  acetylene  and  steam  (see  also  page 
1244). 

In  order  that  the  results  of  the  experiments  at  this  temperature  may  be 
easily  compared,  we  have  arranged  them  in  the  following  four  tables. 

Table    II. — Btdbs    originally   filled    at    18°   and    750    imn.    with    a 


Bulb  No.     ... 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Duration   of 
heating    . . . 

30  inins. 

30  mins. 

1 
1  hour. 

1  hour. 

3  liours. 

3  hours. 

24  hours. 

vjv,. 

0-85. 

0-752. 

0-784. 

0-762. 

0-764. 

0-795. 

0-80. 

Per-      i^COa 
centage     CO 

coniposi-     C2H2 
tion  of  "1  O2 
gaseous     H, 

products.  '-Ca'Hg 

4-55 
3(5-70 
52-10 
6-10 
0-55 
nil 

9  50 
36-90 

.'-.s-so 

nil 

0-10 

0-20 

10-10 
36-00 
53-35 
0-20 
0-25 
0-10 

9-50 
38-00 
51-75 
nil 
0-60 
0-10 

11-00 
35-80 
52-50 
0-20 
0-35 
0-15 

11-10 

35-45 

52-90 

nil 

0-55 

nil 

12-65 

36-90 

49-60 

nil 

0-60 

0-20 

CO/CO2 

8-1 

3-9 

8-6 

4-0 

3-2 

3-2 

2-9 

Table   III. — Bulbs    originally  filled    at    20'5°   and    756    mm.    with 


Bulb  No 

16. 

17. 

18. 

19. 

•20. 

21. 

22. 

Duration    of 
heating    ... 

30  mins. 

30  mins. 

60  mins. 

75  mins. 

3  hours. 

3  hours. 

3  hours. 

^'2A'I. 

0-762. 

0-721. 

0-833. 

0-744. 

0-732. 

0-770. 

0-744. 

Per-      ^COg 
cantage     CO 

composi- j  CoHg 
tion  of   1  O2 
gaseous     H2 

products.  ^CaHg 

12-90 

54-25 

27-75 

4-35 

0-40 

0-35 

15-85 

58-05 

25-35 

nil 

0-50 

0-25 

7-50 
40-25 
33-05 
18-55 
0-35 
0-30 

18-75 

55-45 

25-35 

nil 

0-30 

0-15 

19-35 

55-35 

24-75 

0-10 

0-15 

0-30 

19-95 

53-95 

23-65 

nil 

1-60 

0-85 

17-20 

58-10 

23-25 

0-30 

1-05 

0-10 

CO/CO2     ... 

4-20 

3-67 

5-36 

2-95 

2-87 

2-70 

3-38 

THE   COMBUSTION   OF    ACETYLENE. 


1239 


Table    IV. — Bulbs    originally    Jilled    at     \^i°    and    764    mm,     with 


Bulb  No 

23. 

24. 

25. 

26. 

Duration  of  heating  ... 

3  hours. 

3  hours. 

3  hours. 

24  hours. 

V^i- 

0-761. 

0-756. 

0-753. 

0-688. 

rGO^  

Percentage      CO    . 

22-05 
56-50 
10-80 
10-10 
0-35 
0-20 

20-50 
51-55 
13-10 
1405 
0-80 
nil 

23-05 
57-25 
10-25 
9-05 
0-25 
0-15 

28-80 
65-50 

composition     CoHo... 

5-00 

of  gaseous     \  Go     

0-30 

Ttroducts.        H„     

0-10 

proaicts.     i^n^ 

0-30 

CO/CO,  

2-56 

2-51 

2-48 

2'27 

Table  V. — Bulbs  originally  Jilled  at  17°  arid  758  mm.  with  Mixture 


Bulb  No 

27. 

28. 

Duration  of  heating  

3  hours. 

3  days. 

V^i- 

0-874. 

0-79. 

r   CO.,   

6-95 
26-25 

9-05 
57-25 

0-40 

18-60 

Percentage          CO"  

36-35 

2-15 

42-60 

products.           Ho    

nil 

I  C^Hg 

0-10 

0-30 

CO/CO2 

3-78 

l'Q6 

Calculating  from  the  partial  pressures  of  the  acetylene  and  oxygen 
in  the  original  mixtures  and  those  of  the  various  gaseous  products  in 
the  above  experiments,  it  is  possible  to  estimate  the  proportion 
of  the  carbon  of   the  acetylene  burnt  which  appeared  as  aldehydes 
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in  the  condensed  products  in  each  case.  The  estimate  obviously 
excludes  whatever  portion  of  the  aldehyde  vapours  did  not  condense 
with  the  water  when  the  hot  bulbs  were  cooled.  It  is  perhaps  hardly 
necessary  to  point  out  that  had  the  combustion  process  in  any  experi- 
ment been  entirely  arrested  at  the  stage  C2H2  +  Og  =  [C2H2O2]  =  CO + 
CH2O,  without  any  further  burning  of  the  formaldehyde  produced, 
exactly  half  the  carbon  of  the  acetylene  burnt  would  appear  as  form- 
aldehyde in  the  products. 

We  find    that    in  the    above    experiments    this    proportion    varied 
between  the  following  limits  : 


Mixture. 

Bulb  No. 

Limiting  proportions. 

2C2H2+O2 
CaHo  +  O, 

9—15 
16—22 
23-26 

27-28 

21-7  to  33-8  per  cent. 

9-6   ,,  15-5 

4-1    „     8-2 
10-6   ,,   17-5 

The  numbers  for  the  mixture  CgHg  +  30.,,  as  compared  with  those 
for  the  mixture  C2ll2  4-  IjO^,  show  how  much  a  large  excess  of  oxygen 
retards  the  burning  of  the  aldehyde. 

Experiment  loith  Large  Bulb. — In  order  to  more  thoroughly  examine 
the  condensable  products  of  combustion  we  heated  a  large  bulb  (No.  29) 
of  485  c.c.  capacity,  filled  at  20°  and  730  mm.  with  an  exactly  equi- 
molecular  mixtui-e  of  acetylene  and  oxygen,  at  300°  for  three  hours. 
Practically  all  the  oxygen  disappeared,  much  water  condensed  on  cool- 
ing, and  on  subsequently  opening  the  bulb  in  connection  with  a  capil- 
lary manometer  the  "  dry  "  products  were  found  to  be  under  a  pressure 
of  547  mm.  The  "  corrected  "  ratio,  2^\IP2^  ^^'^^  0-75.  The  gaseous 
products  contained 

CO2  =  20-8,  CO -52-75,  C2H2  =  25-15,    H,  =  l-05,    and    02  =  0-25    per 
cent.     CO/C02  =  2-53. 

The  condensed  products  had  a  slight  acid  reaction  and  contained 
formaldehyde,  which  was  identified  by  means  of  its  characteristic 
thio-derivative.  They  did  not  give  the  iodoform  reaction,  and  there- 
fore contained  no  acetaldehyde.  The  following  calculation  shows 
that  about  11-5  per  cent,  of  the  carbon  of  the  acetylene  burnt  appeared 
in  the  condensed  products. 
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Equivalent  to  units  of 
100  vols,  of  original  gas  contained :  Carbon.         Hydrogen.        Oxygen. 

50-0  C2H2  and  50-0  02    lOO'O  50-0  50-0 


Equivalent  to  units  of 


75  vols,  of  gaseous  products  contained  ; 


CO 

2  — 

Units 
OHo 

15 '6  vols.    .    . 

ro" 

39-6     ,,     

r  H 

18-8     ,,     

H 

0-8     ,,     

0" 

02     ,,     

Totals    . 

in  condensed 
OandHoO     .... 

pro 

ducts 

as 

Carbon. 

Hydrogen. 

Oxygen. 

15-6 



15-6 

39 -e 



19-8 

37 '6 

18-8 

— 

— 

0-8 

— 

— 

— 

0-2 

92-8 

19-6 

35-6 

7-2  30-4  14-4 

Acetylene  burnt  =  31 '2  vols.  =  62'4  units  of  carbon. 

The  ratio  Hg/Og  in  the  condensed  products  is  so  nearly  2-0  that  it 
may  be  safely  assumed  that  they  consisted  of  CHgO  and  HgO  only. 
The  numbers  show  that  the  31-2  vols,  of  acetylene  burnt  gave  rise 
to  15-6  CO2,  39-6  CO,  7-2  CHgO,  23-2  B.f>,  and  0-8  Hg,  reckoning  all 
products  in  the  gaseous  condition.  It  would  appear,  therefore,  that  of 
the  31*2  vols,  of  formaldehyde  which,  according  to  our  theory,  would 
be  produced  at  stage  2  of  the  combustion  process  (see  scheme  on  page 
1233),  .2-5  per  cent,  decomposed  into  carbon  monoxide  and  hydrogen, 
23  per  cent,  was  found  unchanged  in  the  condensed  products,  24-5  per 
cent,  was  oxidised  through  formic  acid  to  carbon  monoxide  and  steam, 
whilst  the  remaining  50  per  cent,  was  completely  burnt  to  carbon 
dioxide  and  steam. 

Experiments  at  350°. 

(a)  With  a  Mixture  2C.2H0  +  O^. 
Two  bulbs  (Nos.  30  and  31),  filled  at  15°  and  727  mm.  with  a  mix- 
ture containing  66  6  and  33-4  per  cent,  of  acetylene  and  oxygen 
respectively,  were  placed  in  the  air-bath  at  350°.  After  a  few  minutes 
the  gases  ignited,  a  lurid  flame  filled  the  bulbs  accompanied  by  a  dense 
cloud  of  finely-divided  carbon.  On  cooling  the  bulbs,  there  was  no 
visible  condensation  of  moisture,  and  on  subsequently  opening  them  in 
connection  with  a  capillary  manometer,  the  products  were  found  to  be 
under  a  pressure  of  about  945  mm.  The  gaseous  products,  which  con- 
tained traces  of  acetylene  and  a  small  quantity  of  methane,  consisted 
chiefly  of  carbon  monoxide  and  hydrogen,  as  follows : 


Bulb 

No 

30 

31. 

CO, 

1-30 

1-31 

0-40 

0-40 

CO 

5370 

..      53-05 

C,Ho    . 

0  -35 

0-50 

hI  .:.::: 

41  75     .    . 

42-55 

CH,  

3-80     

..  ..       3-50 
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The   separation   of  carbon   in   the  above   experiment  was   clearly  a 
secondary   effect.     It  cannot,  however,  be   ascribed   to   the   thermal 

C-OH 

decomposition  of  the  hypothetical  hydroxy-acetylene,  •••         =  2C  +  H^O, 

since  no  moisture  appeared  in  the  products.  It  must  have  arisen  by 
the  decomposition  of  acetylene  itself  ;  half  of  the  acetylene  was  burnt 
in  accordance  with  the  scheme  : 

C^Ho  +  Oo  =  [C^HgO,]  =  CO  +  CH,0 


the  remaining  half  being  resolved  into  carbon  and  hydrogen,  together 
with  some  methane. 

(b)   With  an  Equimolecular  Mixture. 

(1)  When  bulbs  filled  at  atmospheric  temperature  and  pressure  with 
a  mixture  of  acetylene  and  oxygen  in  equimolecular  proportions  were 
placed  in  the  air-bath  at  350°,  a  violent  explosion  always  occurred,  the 
bulbs  being  completely  shattered.  So  far  as  we  were  able  to  judge, 
however,  there  was  no  separation  of  carbon,  an  observation 
which  was  confirmed  by  later  experiments  (see  page  1244),  in  which 
a  similar  mixture  was  fired  by  an  electric  spark  in  a  bulb  of  stout 
glass  under  reduced  pressure. 

(2)  When,  however,  bulbs  filled  under  reduced  pressure  (390  mm.) 
with  the  equimolecular  mixture  were  placed  in  the  bath  at  350°,  non- 
explosive  combustion  ensued.  Very  little  hydrogen  was  liberated, 
but  much  water  was  formed,  and  the  rinsings  gave  a  strong  aldehydic 
reaction.  In  one  typical  instance,  where  the  bulb  (No.  32)  had  been 
heated  for  30  minutes,  the  ratio  v.J-ti^  was  0'732,  and  the  gaseous 
products  contained 

COg  =  16-5,  CO  =  58-45,    C,H.,  =  23*7,  and  H.  =  1-35  per  cent. 
Cd/Cb^  =3-54. 

We  estimate  that  at  least  16  per  cent,  of  the  carbon  of  the   acetylene 
burnt  appeared  as  aldehydes  in  the  condensed  products* 

(c)   With  a  Alixture  C.^.2->rl\0.^. 

The  behaviour  of  this  mixture  afforded  another  striking  proof  of  the 
retarding  influence  of  an  excess  of  oxygen  over  and  above  an  equi- 
molecular proportion.  Bulbs  filled  at  atmospheric  pressure  always 
exhibited  slow  combustion  at  this  temperature,  a  result  which 
contrasts  sharply  with  the  explosive  combustion  obtained  with 
the  two  previous  mixtures  under  the  same  conditions.     In  the  case  of 
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one  bulb  (No.  33),  filled  at  17°  and  768  mm.,  all  the  oxygen  had  not 
disappeared  after  30  minutes'  heating.  Water  and  aldehydes  were 
formed,  and  the  gaseous  products  contained 


•75,  O2  = 
CO/CO2 


5-15,  H2  =  0-30,   and 
=  2'26. 


COo  -  26-30,  CO  =  59-35,  CgF^  =  i 
CgHg  =  0-15  per  cent. 

(d) 

In  all  the  experiments  with  this  mixture  {GJ3..2  —  25"3  and  0^  =  74-7 
per  cent.),  combustion  was  surprisingly  slow.  Quite  a  considerable 
quantity  of  acetylene  remained  unburnt  after  three  hours  (bulb  No.  35), 
whilst  traces  survived  even  after  16  hours.  The  rinsings  from  the 
bulbs  always  gave  distinct  aldehydic  reactions,  and  we  estimate  that 
about  5  or  6  per  cent,  of  the  carbon  of  the  acetylene  burnt  appeai-ed 
in  the  condensed  products.  The  results  obtained  with  three  typical 
bulbs  are  given  below. 

Table  VI. — Bulbs  originally  filled  at  19°  and  765  mm.  loith  Mixture 
C.,H,  +  30.,. 


Bulb  No 

34. 

35. 

36. 

Duration  of  heating  . . . 

50  minutes. 

3  hours. 

16  hours. 

^ihi- 

0-826. 

0-806. 

0-758. 

/CO2    .,  ,, 

14-90 

36'10 

3-75 

43-95 

1-30 

nil 

16-00 

36-60 

3-55 

42-90 

0-80 

0-15 

24-90 

Percentage      CO  

37-95 

composition     C9H0    . 

0-35 

36-30 

0  35 

ICaHfl  

0"15 

CO/CO2    

2-42 

2-29 

1-52 

B.  The  Explosive  Combustion  of  Acetylene. 

It  has  ah-eady  been  shown  (page  1241)  that  when  a  mixture 
2C2H^  +  O.J  ignites,  the  end-products  consist  chiefly  of  carbon,  carbon 
monoxide,  and  hydrogen,  in  accordance  with  the  empirical  equation 

2C2H2  +  0.  =  20  +  200  +  2H2. 
It  remained  to  study  the  explosive  combustion  of  an  equimolecular 
mixture,  CgHg  +  Og,  for,  if  our  view  of  the  mechanism  of  the  process  is 
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correct,  such  a  mixture  should  yield  chiefly  carbon  monoxide  and 
hydrogen,  without  any  separation  of  carbon  or  formation  of  steam,  in 
accordance  with  the  scheme 

C2H2  +  OlC^Kp,^  =  CO  +  OH2O 
CO  +  H2' 

it  having  been  proved  that  at  high  temperatures  formaldehyde 
decomposes  into  carbon  monoxide  and  hydrogen  (together  with  small 
quantities  of  carbon  dioxide  and  methane)  without  any  separation  of 
carbon  (Bone  and  Smith,  this  vol.,  p.  911). 

Two  experiments  were  made  in  which  an  exactly  equimolecular 
mixture  of  the  two  gases  was  sealed  under  reduced  pressure 
(pj  =  330 — 350  mm.)  in  a  bulb  of  stout  borosilicate  glass  (capacity  58 
CO.)  fitted  with  firing  wires.  On  sparking  the  mixture  there  was  a  sharp 
explosion  without  any  separation  of  carbon  or  visible  steam  foi'mation. 
On  opening  the  bulb  in  connection  with  a  capillary  manometer  the 
gaseous  products  were  found  to  be  under  a  greatly  increased  pressure 
(j9.,),  and  the  gaseous  products  consisted  chiefly  of  carbon  monoxide  and 
hydrogen,  with  traces  of  carbon  dioxide  and  methane,  as  the  following 
table  shows  : 


Bulb  No   

37. 
331  mm 

38. 

2h   

352  mm. 

487     ,,     

508     „ 

P2/P1  

Percentage    rCOg 

composition  J  CO    

of           jHo    

1-47     

1-05     

1-44 

0-75 

66-15     

67-10 

31  10     

30-60 

products.     ICH4 

1-70     

1-55 

ts  with  a  Catalysing  Surface  of  Porous  Porcelain  in  the 
Circulation  A2)X>aratus. 

(a)  For^nation  of  Acetaldehyde  from  Acetylene  and  Steam. 

On  turning  our  attention  to  the  interaction  of  moist  acetylene  and 
oxygen  under  reduced  pressure  in  contact  with  a  surface  of  porous 
porcelain  at  385°  in  the  circulation  apparatus  described  in  a  previous 
paper  (Trans.,  1903,  83,  1076),  we  soon  discovered  that  the  catalysing 
material  induced  the  formation  of  acetaldehyde,  presumably  by 
the  direct  combination  of  acetylene  and  steam.  We  find  that 
Desgrez  [Aim.  chim.  phys.,  1894,  [vii],  3,  209)  obtained  small 
quantities  of  acetaldehyde  by  heating  acetylenedicarboxjlic  acid  with 
water  in  sealed  tubes  at  290 — 350°.  In  the  following  experiment 
about  a  litre  of  moist  acetylene  was  circulated  over  the  porous  porcelain 
at  380 — 384°  for  about  40  hours.  The  water  in  the  worm  of  the 
apparatus,  through  which  the  gas  was  drawn  each  time  it  left  the  hot 
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combusbion  tube,  served  both  to  absorb  the  acetaldehyde  and  to  keep  the 
gas  saturated  with  moisture  at  the  room  temperature  throughout  the 
experiment.  The  following  pressure  records  (t  =  temperature  of  globe 
and  worm,  T=  temperature  of  combustion  tube,  and  P  =  corrected 
pressure  of  the  dry  gas  in  the  apparatus)  show  that  no  less  than  29 
per  cent,  of  the  original  acetylene  disappeai'ed  during  the  experiment. 

Time  in  Iiours.  t.  T.  P. 

0     15-7°  380°    419-8  mm. 

36     15-4  384     309-8     ,, 

40     19-9  380     298-8     ,, 


Total  fall 121  0  mm.  or  29  per  cent. 

Contrary  to  our  expectation,  there  was  no  formation  of  benzene,  nor 
was  the  white  catalysing  material  at  all  blackened  during  the  experi- 
ment. The  liquid  in  the  worm,  which  was  quite  clear,  had  a  very 
pungent  odour,  reminiscent  of  acetaldehyde  and  crotonaldehyde,  and 
at  once  gave  the  iodoform  reaction  and  a  deep  magenta  colour  with 
Scliiff's  reagent.  Acetaldehyde  had,  therefore,  been  formed  by  the 
interaction  of  acetylene  and  steam. 

OH:CH4HOH  =  [CH2:CHOH]  =  CHg-CHO, 

small  quantities  of  crotonaldehyde  doubtless  arising  as  the  result  of   a 
fiecoLdary  aldol  condensation. 

(b)  The  Interaction  of  Moist  Acetylene  and  Oxygen. 

The  formation  of  acetaldehyde  did  not  cease  when  oxygen  was  added 
to  the  acetylene.  Indeed  with  equimolecular  mixtures  of  acetylene 
and  oxygen  a  very  considerable  formation  of  acetaldehyde  occurred, 
and  it  was  only  when  the  reacting  gases  contained  an  excess  of 
oxygen  that  the  condensed  products  were  entirely  free  from  this  sub- 
stance. It  appears,  therefofe,  that  the  presence  of  steam  may  be  a 
complicating  factor  in  the  combustion  of  acetylene  whenever  the  gases 
are  reacting  in  contact  with  a  hot  surface.  Any  acetaldehyde  formed 
■would,  of  course,  compete  with  the  acetylene  for  the  oxygen,  aiad  be 
ultimately  burnt  to  steam  and  oxides  of  carbon,  in  accordance  with  the 
scheme 

^    CO-hH^O-fH-ClO    -^ 

ii 

HO-C:0    -- >     HO-C-O 
H  OH 

CO  +  H^O  CO2  +  H,0 

as  shown  in  a  previous  paper  (Trans.,  1904,  85,   693). 

VOL.  LXXXVII.  4,  o 


o:c-H 

"o:c-oH 

H-C-H 

— > 

H-C-OH 

H 

H 

1 246  BONE    AND    ANDREW  : 

Wo  may  now  describe  the  results  of  three  typical  experiments  with 
moist  mixtures  corresponding  very  nearly  to  CoHg  +  Oo,  C2H2  +  2O2, 
and  CgHg  +  SOg  respectively.  The  rate  of  circulation  (complete 
circuit  once  in  40  minutes)  and  the  temperature  of  the  combustion 
tube  iT)  were  the  same  in  all  three  experiments.  By  far  the  fastest 
rate  of  combustion  was  observed  with  the  equimolecular  mixture, 
excess  of  oxygen  beyond  these  proportions  greatly  retarding  the  process, 
just  as  was  found  in  the  bulb  experiments. 

Vst  Ex2)eriment.      With  mv  Equimolecular   Mixture. 

The  original  mixture  contained  48'6  and  51 -4  per  cent,  of  acetylene 
and  oxygen  respectively.  The  temperature  of  the  combustion  tube 
was  about  380°  after  the  first  half-hour,  and  the  whole  of  the  oxygen 
disappeared  within  about  four  hours. 

Apparatus / Pressure  dry  Nj-free  original  mixture  at  14'6°  =  366'9  mm. 
all  cold    \         ,,  ,,  products  ,,        =247-0    ,, 


experiment  : 

Time  in 
0 

hours. 

.     15-8°    

1 

IG'6 

2 

17-5 

3 

177 

4 

18-2 

.5 

.     lS-8     

Fall =119-9  or  32-7  percent. 

The  following  were  the  pressure  records  taken  each  hour  during  the 

P  corrected 
T.  for  the  dry  gas. 

3Gd°  376-4  mm. 

384  337-6     ,, 

382  296-0     ,, 

382  278-3     ,, 

382  260-9     ,, 

382  259-1     „ 

There  was  no  blackening  of  the  porcelain  during  the  experiment,  a 
remark  which  also  applies  to  the  other  two  experiments.  The  liquid 
in  the  worm,  which  was  quite  clear,  had  a  strong  aldehydic  smell  and 
reaction,  and  at  once  gave  the  iodoform  reaction.  It  contained  con- 
siderable  quantities  of    acetaldehyde    and  some  formaldehyde. 

The  gaseous  products,  which  contained  no  oxygen,  liad  the  following 
composition  : 

CO2  =  42-85,  CO  =  30-85,  CgHg  =  24-90,  Ilg  =  1-30,  and  C^B^^  =  0-10 
per  cent. 

We  calculate  that  about  22  per  cent,  of  the  carbon  of  the 
acetylene  burnt  appeared  in  the  condensed  product,  chiefly  as 
acetaldehyde. 

2nd  Experiment.     With  a  Mixture  C^Hg  +  2O2. 

The  original  mixture  contained  31-8  and  68-2  per  cent,  of  acetylene 
and  oxygen  respectively.     The    experiment  extended   over  20    hours 
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(^'=380°),  but  so  slow  was  the  rate  of  combustion  that  about  16  per 
cent,  of  the  original  acetylene  and  one-third  of  the  oxygen  remained 
over  at  the  end  of  the  experiment. 

Apparatus/ Pressure  of  tlie  dry  Nj-free  original  mixture  at  16'8°=:408-0  mm. 
cold      \         ,,  ,,  ,,  products  ,,        =302 -3    ,, 


Time  iu  hours 
0 

t. 
.    .     18-4°    

2 

18-6         

4     .... 

.  ..     18-8      

8     .... 

....     18-4     

20     .... 

....     18-1     

1 


Fall =1057 

The  pressure  records  during  the  experiment  were  as  follows  : 

T.  P,  dry  gas. 

378°  398-7  mm. 

380  369-0     ,, 

380  354-6     „ 

380  335-8     ,, 

382  310-7     „ 

The  liquid  in  the  worm  contained  much  formaldehyde  as  well  as  a 
very  small  quantity  of  acetaldehyde.  The  gaseous  products,  which 
still  contained  acetylene  and  oxygen,  had  the  following  composition  : 

CO2  =  23-25,  CO  =  35-65,  C^^  =  7-05,  O2  =  32-90,  H2  =  1-00,  and 
CgHjj  =  0-15  per  cent. 

About  18  per  cent,  of  the  carbon  of  the  acetylene  burnt  appeared 
in  the  condensed  products,  chiefly  as  formaldehyde. 

3rcZ  Experiment.     With  a  Mixture  CgHg  +  SO.^. 

For  this  experiment,  which  extends  over  24  hours,  a  mixture 
containing  24*65  and  75"35  per  cent,  of  acetylene  and  oxygen  respec- 
tively was  employed. 

Apparatus /Pressure  of  the  dry  N".,-frcc  original  mixture  at  15-6''  =  422-2  mm. 
cold      \         ,,  ,,  ,,"  products  ,,        =:322-8     ,, 

Fall =   99-4     ,, 

or  23-5  per  cent. 

The  pressure  records  taken  during  the  experiment  were  as  follows: 

P 

Time  iu  hours.  t,  T.             for"dry"gaSi 

0     19-1°    390°  417-5  mm. 

2     20-2     385  396-1     „ 

4     20-6     385  382-8     „ 

22     20-4     380  334-2     ,, 

24     210     380  333-3     ,, 

The  liquid  in  the  worm  contained  much  formaldehyde,  but  it  did  not 
give  the  iodoform  reaction,  and  therefore  contained  no  acetaldehyde. 
The  gaseous  products  contained 

C02  =  26-3,  00  =  23-15,  C2H2  =  2-40,  02  =  46-65,  H2=l-40,  aHg  =  0-10 
per  cent. 

4  o  2 
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It  is  instructive  to  compare  the  partial  pi-essures  of  the  acetylene 
and  oxygen  in  the  original  mixture  with  those  of  the  gaseous  products 
in  this  experiment,  as  follows  : 


Original  Mixlure. 


Acetyler 
Oxygeu 


mm. 
104-1 
318-1 


Equivalent  to  units  of 


Carbon. 

20S-2 


Hydrogen.  Oxygeu. 
104-1  318-1 


Gaseous  Products. 

Equivalent  to  units  of 

mm.  Carbon.     Hydrogen.   Oxygen. 

Carbon  dioxide 84-9  84-9  —  84-9 

Carbon  monoxide 74-7  74-7  —  37-3 

Acetylene  7-7  15-4  7-7  — 

Hydrogen  4-6  —  4-6  — 

Ethane    0-3  0-6  0-9  — 

Oxygen  151-0  —  —  151-0 

Totals 175-6  12-9  272-8 

.'.   Units    in    condensed    products    as 

CHgO  and  H2O  32-6  91-2  45-3 

Acetylene  burnt  —  96-1  mm.  =  192-2  units  of  carbon. 

The  ratio  H^/O.^  in  the  condensed  products  shows  that  they 
consisted  of  CH2O  and  HgO  only.  Hence  the  96-1  mm.  of  acet}lene 
burnt  gave  rise  to  84-9  COg,  74-7  CO,  32-6  CH^O,  586  H.p,  and 
4  6  Ho,  reckoning  all  products  in  the  gaseous  condition.  It  would 
therefore  appear  that  of  the  96-1  mm.  of  formaldehyde  which, 
according  to  our  theory,  would  be  produced  at  stage  2  of  the 
combustion  process,  4-8  decomposed  into  carbon  monoxide  and 
hydrogen,  33-9  per  cent,  appeared  unchanged  in  the  condensed 
products,  whilst  the  remaining  6 13  per  cent,  was  further  burnt, 
through  formic  and  carbonic  acids,  to  oxides  of  carbon  and  steam.  It 
should  be  pointed  out,  in  this  connection,  that  the  conditions  of  the 
circulation  experiments  admitted  of  the  independent  oxidation  of 
carbon  monoxide. 


We  have  again  much  pleasure  in  thanking  the  Government  Grant 
Committee  of  the  Royal  Society  for  repeated  grants  towards  the 
expenses  of  this  and  allied  i-esearches. 

Fuel  and  MetallitHgical  LabokatorYj 
Manchester  University. 
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CXXV. — Studies  on  the  Origin  of  Colour.     Derivatives 
of  Fluorene. 

By   Ida    Smedley. 

The  experiments  to  be  described  were  undertaken  with  the  object  of 
ascertaining  whether  two  halogen  atoms  can  displace  the  carbonyl 
oxygen  in  coloured  ketones  without  destroying  the  chromophoric 
nature  of  the  group  affected.  The  evidence  on  this  point  is  at  present 
somewhat  conflicting.  The  keto-dichlorides  of  the  naphthalene  and 
hydiindonaphthene  series  appear  to  be  colourless  when  pure  (Zincke, 
Ber.,  1887,20,  2053;  1888,  21,  1027,  3540);  the  naphthalene  keto- 
dibromides  are  also  colourless  (Armstrong  and  Davis,  Brit.  Assoc.  Rep., 

0 

1903,  174) ;  but  tribromophenol  bromide,  ^^i        i^^'  ,    is    always    de- 

Br^ 

scribed  as  yellow  (Kastle,  Amer.  Chem.  J.,  1902,  27,  31  ;  Lewis,  Trans., 
1902,  81,  1001).  The  last  compound,  however,  is  very  unstable  and  it 
is  doubtful  if  the  colour  be  that  of  the  pure  substance. 

The  di-iodo-derivatives  in  which  two  iodine  atoms  are  attached  to  a 
single  carbon  atom  are  few  in  number :  the  simplest  of  these, 
methylene  iodide,  is  coloui'less,  although  it  has  an  abnormally  high 
refractive  index.  Iodoform,  as  is  well  known,  is  yellow  in  colour,  but 
other  subatituents  besides  iodine  appear  to  condition  colour  in  conjunc- 
tion with  two  atoms  of  iodine  :  thus  di-iodo-acetic  acid  and  its  salts 
(Perkin  and  Duppa,  Journ.  Chem.  S'oc,  1860,  13,  1  ;  Angeli,  Ber., 
1893,  26,  1,  595)  and  di-iodo-camphor  (Briihl,  Ber.,  1904,  37,  2156) 
are  described  as  yellow,  and  it  appears  probable  that  the  colour  is 
inherent  in  the  pure  substances. 

The  colour  of  the  halides  prepared  from  coloured  ketones  derived 
from  colourless  hydrocarbons  was  therefore  of  considerable  interest. 
The  substance  chosen  for  investigation  was  fluorenone  (I). 


I    I 


;c:o  Y    :c<^} 


As  prepared  by  oxidation  of  commercial  fluorene,  this  ketone  has  a 
deep   yellow  colour  ;  after  purification  it  forms   large,   lemon-yellow 
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crystals.  The  clichloride  (II)  prepared  from  it  by  the  action  of  phos- 
phorus pentachloride  proves  to  be  colourless. 

Numerous  experiments  were  made  without  success  to  convert  this 
chloride  into  a  corresponding  iodo-compound  by  the  action  of  various 
iodides.  When  dissolved  in  benzene  or  carbon  disulphide,  it  was  at  once 
acted  on  by  aluminium  iodide,  an  intense  blue  liquid  being  obtained, 
which  was  readily  decolorised  ;  but  no  well-characterised  substance 
could  be  isolated  from  this  product.  Experiments  made  to  convert  the 
chloride  from  benzophenone  into  an  iodide  were  equally  unsuccessful. 

Whereas  the  evidence  is  in  agreement  with  the  view  that  the 
displacement  of  the  oxygen  of  the  carbonyl  group  by  two  chlorine 
atoms  destroys  the  power  to  act  as  a  colour  centre,  the  effect  of  the 
other  halogen  atoms  requires  further  elucidation. 

The  derivatives  of  fluorene  afford  striking  instances  of  the 
property  of  halochromism  described  by  Baeyer,  Kaufmann,  and 
others  (Baeyer  and  Yilliger,  Ber.,  1902,  35,  1189,  1754,  3013;  1903, 
36,  2774;  Kehrmann  and  Wentzel,  Ber.,  1901,  34,  3815  ;  Kaufmann, 
Ber.,  1902,  35,  1321 ;  1903,  36,  561).  When  fluorenone  is  dissolved 
in  concentrated  sulphuric  acid,  deep  violet  or  brownish-red  solutions 
are  formed  ;  the  solution  of  the  dichloride  in  the  cold  acid  has  a  deep 
green  colour,  which  changes  to  violet  on  heating,  fumes  of  hydrogen 
chloride  being  evolved ;  fluorenone  is  precipitated  from  both  of  these 
solutions  on  dilution.  The  condensation  product  obtained  by  heating 
together  fluorenone  chloride  and  phenol,  represented  by  the  formula 
(CgHj)2C(C„H^'OB[)2,  although  itself  colourless,  gives  an  intensely 
crimson  solution  when  dissolved  in  concentrated  sulphuric  acid  ;  the 
original  substance  is  precipitated  unchanged  on  diluting  the  liquid 
with  water.  Sulphuric  acid  has  more  tendency  to  form  such  coloured 
salts  than  hydrogen  chloride;  in  fact,  I  was  not  able  to  obtain  evi- 
dence that  any  of  the  fluorene  derivatives  studied  afford  coloured 
hydrochlorides.  Solutions  of  fluorenone  in  anhydrous  ether,  glacial 
acetic  and  glacial  phosphoric  acids  were  saturated  with  dry  hydrogen 
chloride  without  showing  any  intensification  of  colour.  The  fact  that 
fluorenone  and  the  corresponding  dichloride  give  differently  coloured 
solutions  in  cold  sulphuric  acid  may  possibly  be  due  to  the  formation  in 
the  latter  case  of  a  hydrochloride  which  is  decomposed  by  warming  and 
converted  into  the  violet  sulphate  ;  on  the  other  hand,  the  green  solution 
of  fluorenene  chloride  in  sulphuric  acid  closely  resembles  in  colour  that 
obtained  on  adding  aluminium  chloride  to  a  solution  of  fluorenene 
chloride  in  carbon  disulphide,  so  that  most  probably  the  colour  is  due 
to  the  presence  of  some  salt-like  compound  of  the  chloride. 

The  cause  of  the  phenomenon  of  halochromism  is  generally  supposed 
to  be  the  change  fi'om  bivalent  to  qviadrivalent  oxygen,  consequent  on 
an   oxonium  sulphate  being  produced.      Without    assuming   further 
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change  in  tlie  structure  of  the  molecule,  it  is  difficult  to  understand 
that  this  should  account  for  the  development  of  colour.  The  difficulty 
of  isolating  these  coloured  salt-like  compounds  is,  however,  so  great 
that  the  evidence  as  to  their  constitution  remains  far  from 
satisfactory. 

Experiments  were  also  carried  out  with  the  object  of  preparing 
thiolluorenone,  the  colour  of  the  thio-ketones  being  of  much  interest ; 
the  only  sulphur-containing  compound  which  could  be  isolated,  how- 
ever, is  the  colourless  disulphide,  (05H^)2'\L/'(C6H-i)2- 

Experimental. 
9  :  9-Dichlorq/luorene  (Fluorenene  Chloride), 


Fluorenene  chloride  is  prepared  by  heating  fluorenone  with  slightly 
more  than  the  theoretical  quantity  of  phosphorus  pentachloride  on  a 
water-bath.  When  cool,  the  product  is  poured  on  to  ice  to  remove 
phosphorus  oxycbloride ;  a  white  solid  remains  which  is  usually 
coloured  yellow  by  the  presence  of  fluorenone.  When  recrystallised 
from  benzene,  it  forms  large,  colourless,  ortliorhombic  prisms  melting 
at  103°. 

0-3556  gave  0-4386  AgCl.     Cl=  3051. 

CjgHgClg  requires  CI  =  30-21  per  cent. 

This  substance  resembles  the  corresponding  cbloro-derivatives  of 
aceto-  and  benzo-phenone  in  its  behaviour  :  it  is  rapidly  acted  on  by  hot 
water,  slowly  by  cold  ;  it  is  therefore  decomposed  at  the  ordinary  tem- 
perature by  a  solution  of  silver  nitrate.  When  warmed  with  aniline, 
it  is  vigorously  acted  on  ;  it  is  converted  by  dimethylaniline  and  a  trace 
of  zinc  chloride  into  a  deep  blue  product,  which  dissolves  readily  in 
spirit,  forming  a  pink  solution. 

It  dissolves  in  cold  concentrated  sulplmric  acid  giving  a  green 
solution ;  on  warming  this  liquid,  fumes  of  hydrogen  chloride  are 
evolved,  the  colour  changing  to  a  deep  violet.  On  diluting  the  liquid 
with  water,  fluorenone  is  precipitated. 

On  warming  the  chloride  with  a  solution  of  hydroxylamine  hydro- 
chloride, pale  yellow  needles  of  fluorenoneoxime  melting  at  193 — 194° 
are  formed  ;  by  the  action  of  phenylhydrazine,  fluorenonehydrazone 
(m.  p.  149°)  is  obtained. 
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Diethoxyfluorene. — To  prepare  this  compound,  a  solution  of  five 
grams  of  fluorenene  chloride  in  benzene  was  mixed  with  50  c.c.  of 
a  10  per  cent,  solution  of  alcoholic  potash.  The  liquid  was  then 
heated  during  eight  hours  in  a  reflux  apparatus  on  a  watei*-bath. 
The  colour  of  the  solution  became  yellow  and  gradually  deepened 
to  a  veiy  dark  red,  potassium  chloride  being  precipitated  ;  this  was 
filtered  off  and  the  filtrate  concentrated  :  brown  plates  then  separ- 
ated, which,  when  recrystallised  from  absolute  alcohol,  were  obtained 
as  red  prisms  melting  at  82°.  These  appeared  to  be  evenly  coloured 
and  remained  red  when  reci'ystallised  from  benzene  or  alcohol.  By 
recrystallisation  from  a  mixture  of  alcohol  and  water,  however, 
they  were  obtained  as  white  plates,  a  small  amount  of  a  red  colouring 
substance,  probably  Graebe's  red  hydrocarbon,  being  first  precipitated. 
The  analytical  numbers  agreed  with  those  required  by  the  formula 
(CgH^)2C(0* 021X5)2,  and  the  substance  is  therefore  9  :  9-diethoxy- 
fluorene, 

0-0410  gave  0-122  CO2  and  0-0266  H.O.    0  =  81-14;  H  =  7-21. 
C17H18O2  requires  0  =  80-31  f  H  =  7-09  per  cent. 

1  The  red  crystals  originally  obtained  were  converted  by  the  action  of 
glacial  acetic  or  mineral  acids  into  fluorenone  (m.  p.  84°),  a  small 
amount  of  red  substance  remaining  unattacked. 

Diphenoxyfluorene. — On  heating  fluorenene  chloride  with  two  mole- 
cular proportions  of  phenol,  a  viscous  product  is  formed,  which  is 
converted  by  repeated  crystallisation  from  alcohol  into  a  mass  of 
white  needles  efliorescing  on  exposure  to  air.  The  crystals  lose  their 
transparent  appearance  when  heated  above  100°  and  melt  sharply  at 
223 — 224°.     Analysis  gave  the  following  results  : 

(1)  0  =  79-24;  H  =  5-73.  (2)  0  =  78-92;  H  =  6-21;  after  drying  at 
100°,  0  =  85-28;  H  =  514. 

(C6H4)oC(C,3H40H).,  requires  0  =  85'71  ;  H  =  5-16  per  cent. 
(0,H,)20(0X0H)2'2Et0"H     „        0  =  78-73;  H  =  6-78    „      „ 

It  is  a  matter  of  interest  that  a  compound  represented  by  the 
formula 


derived  from  so  highly  coloured  a  ketone  as  fluorenone,  should  be 
colourless.  It  dissolves  in  caustic  alkali  and  also  in  concentrated  sul- 
phuric acid,  forming,  in  the  latter  case,  an  intensely  crimson  liquid 
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which  becomes  colourless  ou  dilution  with  water,  the  original  sub- 
stance being  then  precipitated  unchanged.  The  basic  properties 
of  the  oxygen  are  indicated  not  only  by  the  formation  of  a  coloured 
salt  with  sulphuric  acid  but  also  by  the  power  the  compound  exhibits 
of  combining  with  alcohol. 

Action   of  Aluminium  Iodide. 

The  action  of  aluminium  iodide  on  a  solution  of  fluorenene  chloride  in 
benzene  or  carbon  disulphide  is  vigorous,  iodine  being  at  once  liberated  j 
no  organic  iodide  could  be  detected  in  the  product. 

The  action  of  aluminium  iodide  on  a  solution  of  the  chloride  from 
benzophenone  in  carbon  disulphide  produced  a  black  mud  from  which 
eventually  a  white  substance  free  from  halogen  was  isolated.  When 
recrystallised  from  benzene  this  melted  at  221°,  agreeing  in  solubility, 
melting  point,  and  appearance  with  the  description  given  of  tetra- 
phenylethylene. 

The  action  of  aluminium  chloride  on  fluorenene  chloride  dissolved 
either  in  benzene  or  in  carbon  disulphide  produces  an  intense  bluish- 
black  substance,  which  is  rapidly  decoloi'ised  by  the  addition  of  solvents 
containing  oxygen  or  on  exposure  to  air,  from  which  amorphous  pro- 
ducts containing  chlorine  may  be  separated ;  the  nature  of  these  is 
still  under  investigation. 

It  is  remarkable  that  the  action  of  aluminium  chloride  on  a  mixture 
of  fluorenene  chloride  and  ethyl  iodide,  a  method  by  which  the  chlorine 
in  chloroform  may  be  displaced  quantitatively  by  iodine  (J.  W.  Walker, 
Trans.,  1904,  85,  1090),  leads  to  the  foi-mation  of  similar  amorphous 
products  free  from  iodine. 

Thio-derivatives  of  Fluorene. 

The  thio-dei-ivatives  of  fluorene  do  not  appear  to  have  been  pre- 
viously examined,  although  reference  has  been  made  to  the  red  colour 
of  the  sulphur  compounds  produced  by  heating  the  hydrocarbons 
fluorene  and  acenaphthene  with  dry  sodium  thiosulphate ;  fluorene  is 
also  stated  to  give  a  difluoryl  compound  (Hodgkinson,  Proc,  1896,  12, 
110)  on  heating  it  with  sulphui-. 

On  adding  to  fluorenene  chloride  an  alcoholic  solution  of  potassium 
hydrosulphide  prepared  by  saturating  a  10  per  cent,  solution  of 
caustic  potash  with  sulphuretted  hydrogen  and  allowing  the  mixture 
to  stand  for  some  hours,  Avhite  needles  begin  to  separate.  These, 
when  twice  recrystallised  from  a  mixture  of  benzene  and  petroleum, 
melt  sharply  at  167°  to  a  pale  yellow  liquid  which,  on  further  heating, 
changes  to  a  deep  red. 
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from    benzene,    large,  colourless    crystals  belonging  to   the    mono- 
symmetric  system  were  obtained. 
On  combustion  with  lead  chromate, 

0-1242  gave  0-3598  CO2  and  0-0460  H^O.     C  =  79-01  ;  H  =  4-ll. 
0-1680     „     0-4873  CO2    „    0-0690  HgO.     C  =  79-ll ;  H  =  4-56. 
Two  sulphur  estimations  gave  S  =  (1)  16-39,  (2)  =  16-32. 
CigHgS  requires  C  -  79-59  ;  H  =  4-06  ;  S  =  16-32  per  cent. 

The  molecular  weight  was  determined  by  the  lowering  of  the 
freezing  point  of  a  solution  in  benzene : 

0-0908  in  12-84  benzene  gave  M  0-095°.     M.  W.  =  372, 

The  double  formula,  OggH^eSg,  requires  M.  W.  =  360. 

The  compound  is  not  a  simple  thioketone ;  neither  is  it  readily 
oxidised  by  a  neutral  solution  of  potassium  permanganate  nor  does  it 
foi-m  a  lead  salt  when  treated  with  lead  acetate  in  ethyl  acetate  solu- 
tion ;  it  is,  therefore,  not   a  mercaptan.     The  substance  is  probably  a 

/\  /\ 

I        I  S  I        I 

disulphide,      >(^  /C\     /C\  /\   >  analogous   to    those  obtained  by 


the  action  of  an  alcoholic  solution  of  potassium  hydrosulphide  on 
acetophenone  chloride  and  on  benzophenone  chloride  (Behr,  Ber., 
1872,  5,  970 ;  Engler,  Ber.,  1878,  11,  922).  Since  the  action  of 
alcoholic  potash  on  fluorenene  chloride  leads  to  the  formation  of  a  di- 
ethoxy-derivative,  it  is  possible-  that  a  dimercaptan  is  at  first  formed 
but  at  once  converted  into  the  bimolecular  compound. 

If  a  solution  of  potassium  sulphide,  prepared  by  adding  an  equal 
volume  of  10  per  cent,  caustic  potash  to  the  alcoholic  potassium  hydro- 
sulphide  solution  previously  used,  bo  allowed  to  act  on  finely  powdered 
fluorenene  chloride,  the  liquid  gradually  becomes  yellow  and,  after 
standing  for  some  days,  deposits  a  bright  red  solid.  To  purify  this  sub- 
stance, it  is  extracted  with  carbon  disulphide,  the  solution  evaporated  to 
dryness,  the  residue  dissolved  in  the  least  possible  quantity  of  benzene 
and  mixed  with  a  concentrated  solution  of  picric  acid  in  benzene.  The 
red  crystals  which  separate  are  decomposed  by  ammonia  and  the  red 
solid  thus  obtained  is  recrystallised  from  a  mixture  of  chloroform  and 
alcohol.  Well-defined,  shining,  red  needles  melting  at  187 — 188°  were 
thus  obtained,  which  gave  the  following  results  on  analysis : 

0-9060  gave  00455  H.O  and  0-3352  COg.     C  =  95-20  ;  H  =  5-26. 
(C6HJ20:C(C(.H4)2"  requires  C  =  95-12  ;  H  =  4-8S  per  cent. 

This  product  is  therefore  identical  with  Graebe's  I'ed  hydrocarbon. 
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bisdiphenylene-etliylene.  The  red  needles  may  be  obtained  directly 
from,  the  solution  in  carbon  disulphide  by  adding  light  petroleum  and 
leaving  the  solution  to  crystallise,  The  only  other  pure  product 
isolated  was  fluorenone.  It  is  remarkable  that  whilst  the  action  of  an 
alcoholic  solution  of  potassium  sulphide  on  benzophenone  chloride  is 
extremely  rapid,  a  blue  oil,  thiobenzophenone,  being  at  once  formed, 
tiuorenene  chloride  should  be  slowly  reduced,  the  bimolecular  hydro- 
carbon being  formed. 

Neither  by  the  action  of  phosphorus  pentasulphide  on  fluorenone 
nor  by  the  distillation  of  the  disulphide  could  any  thioketone  be 
isolated. 

I  desire  to  express  my  thanks  to  Professor  Armstrong  for  the 
interest  he  has  taken  in  this  investigation  and  to  acknowledge  my 
indebtedness  to  the  Research  Fund  Committee  of  the  Chemical  Society 
for  a  grant  in  aid  of  these  experiments,  which  wei'e  begun  at  the 
Central  Technical  College  and  completed  at  the  Davy-Faraday  Research 
Laboratory. 


CXXVI. — Note   on  the  Zeisel  Reaction  in  tJie    Case  of 

Di-ortho-suhstitnted  Phenolic  Ethers. 

By  David  Runciman  Boyd  and  John  Edmund  Pitman. 

The  observations  which  have  been  made  by  V.  Meyer  and  Sudborough 
with  regard  to  the  stability  of  esters  and  acyl  chlorides  of  the  types 
R  R 

"^-CO'O'CHo    and       "^-COOl  towards  hydrolysing  agents  suggest 
~^R  "^R 

the  possibility    that  di-ortho-substituted  phenolic  ethers   of    the   type 

"^-O'CHo  might  show  a  similar  stability  towards  reagents,  such  as 
"^R 
hydriodic  acid,  which  cause  an  elimination  of  the  methyl  group. 

The  Zeisel  reaction  has  already  l)een  applied  in  the  case  of  certain 
ethers  of  this  type,  for  instance,  hemipinic  acid  (Zeisel,  Monatsh., 
1885,  6,  989),  and  apparently  without  disclosing  any  special  stability 
on  the  pai't  of  such  ethers.  The  question,  however,  appeared  of 
sufficient  interest  to  justify  a  few  additional  experiments  carried  out 
directly  from  this  point  of  view.  We  have  accordingly  investigated 
the  behaviour  under  the  conditions  of  the  Zeisel  reaction  of  the  follow- 
ing ethers :  pyrogallol  trimethyl  ether,  trichloroanisole,  and  tribromo- 
anisole. 
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It  was  found  that  the  pyrogallol  ether  was  completely  decomposed 
by  heating  for  40  minutes  with  aqueous  hydriodic  acid  (sp.  gr.  =  1  -6) 
at  about  130°. 

The  trichloro misole  and  the  tribromoanisole,  on  the  other  hand,  were 
to  a  large  extent  unaffected  by  this  treatment ;  only  a  small  amount  of 
methyl  iodide  passed  over  in  tha  course  of  an  hour,  and  the  bulk  of 
the  ether  in  each  case  was  recovered  unchanged. 

It  appeared  j^ossible,  however,  that  the  stability  of  these  ethers 
was  due  principally  to  their  insolubility  in  the  hydriodic  acid  solution. 
As  the  ethers  were  found  to  dissolve  in  boiling  dilute  acetic  acid,  the 
determinations  were  repeated,  using,  in  place  of  aqueous  hydriodic 
acid,  a  mixture  of  about  equal  volumes  of  hydriodic  acid  solution 
(sp.  gr.  =  1*7)  and  glacial  acetic  acid.  Under  these  conditions,  both 
ethers  were  rapidly  decomposed,  giving  a  quantitative  yield  of  methyl 
iodide  after  an  hour's  heating  at  about  118°. 

Experimental  Data. 

The  apparatus  employed  was  similar  to  that  described  by  Hewitt 
and  Moore  (Trans.,  1902,  81,  318).  A  preliminary  experiment  was 
made  with  anisic  acid. 


Substance. 

Weight 
in   ' 

Reagent. 

Time 
in 

Agl 

m 

CH3O 
found. 

CH3O 

calcu- 

grams. 

minutes 

grams. 

lated. 

Anisic  acid    

01760 

HI(sp..gr.=:l-6) 

75 

0-2648 

20-77 

20-4 

Pyrogallol       tri- 

metliyl  ether.. 

0-2097 

40 

0-8709 

54-88 

55-36 

Trichloroanisole . 

0-2000 

("12  0.0.  HI  " 

65 
] 

0  0670 

4-43 

15-72 

"          " 

0-1956 

\      (sp.gr.  =1-7) 
(^  15  c.c.  acetic  acid 

]. 

0-2373 

15-95 

" 

Tribromoanisole . 

0-2271 

HI  (sp.gr.  =  1-6) 
(V3  CO.  HI 

60 
1 

0-0097 

0-56 

8-99 

"           " 

0-2277 

{      (sp.gr.  =  1-7) 
[16c.c.  acetic  acid 

jeo 

0-1556 

8-99 

" 

From  these  experiments  the  conclusion  may  be  drawn  that,  under  the 
conditions  of  the  Zeisel  reaction,  the  rate  of  decomposition  of  methoxyl 
groups  in  phenolic  ethers  is  not  affected  by  the  presence  of  two  ortho- 
situated  hydroxyl  groups  or  chlorine  or  bromine  atoms,  provided  the 
solubility  of  the  ethers  in  the  hydriodic  acid  solution  is  secui-ed. 

Chemical  Depaetment, 

Hartley  University  College, 
Southampton. 
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CXXVII. — The  Mechanism  of  the    Hydrogen  Sulphide 

Reduction  of  N it ro- compounds. 

By  Julius  Berend  Cohen  and  Douglas  McCandlish. 

In  the  process  of  reducing  different  niti'o-compouuds  witli  ammonium 
sulphide,  or,  as  it  is  usually  effected,  with  hydrogen  sulphide  in  an 
alcoholic  solution  containing  ammonia,  great  differences  are  noticeable 
in  the  rate  of  reduction,  in  the  conditions  under  which  reduction  takes 
place,  and  in  the  nature  of  the  products  formed. 

Thus,  mononitro-derivatives  of  the  aromatic  hydrocarbons  are,  as  a 
rule,  slowly  attacked  at  the  ordinary  temperature,  whereas  1  :  3-dinitro- 
benzene  and  1  :  2  :  4-,  1  : 2  :  6-,  and  1:3:  5-dinitrotoluenes  are  readily 
and  completely  reduced,  giving  good  yields  of  monoamino-compounds. 
1  :  3  :  5-Trinitrobenzene  and  1  :  2  :  4  :  6-trinitrotoluene  are  still  more 
rapidly  reduced  with  a  considerable  rise  of  temperature,  and  unless  a 
trace  only  of  ammonia  is  used  tarry  products  are  formed  which 
materially  aff'ect  the  yields.  Where  more  than  one  nitro-group  is 
present,  the  process  either  stops  or  proceeds  very  slowly  after  the  first 
nitro-group  is  reduced.* 

It  appears  therefore  that  the  greater  the  number  of  nitro-groups  the 
more  readily  does  the  reduction  take  place.  But  this  is  not  necessai'ily 
the  case,  inasmuch  as  dinitro-  and  trinitro-?n-xylenes  and  dinitro- 
mesitylene  can  only  be  reduced  after  prolonged  action  of  ammonium 
sulphide  at  a  high  temperature,  whilst  it  is  doubtful  if  trinitromesityl- 
ene  can  be  reduced  at  all  with  ammonium  sulphide.  This  is  probably 
due  to  the  preence  of  the  additional  methyl  groups  which  render  the 
nucleus  more  basic  and  the  nitro-groups  in  some  way  less  disposed  to 
reduction.  The  slowing  down  of  the  process  after  one  nitro-group  has 
been  reduced  may  be  attributed  to  the  same  cause,  namely,  to  the 
effect  of  the  amino-gi'oup  in  rendering  the  nucleus  more  basic. 

If  the  acidic  character  of  the  nucleus  promotes  reduction,  the 
replacement  of  one  or  more  of  the  nitro-groups  by  other  acidic  groups, 
such  as  carboxyl  or  sulphonic  groups  or  the  halogens,  should  produce 
a  similar  effect.     The  following  observations  support  this  conclusion. 

Whereas  o-,  m-,  and  ^^-chloronitrobenzenes  and  1:2:4-,  1:4:2-, 
1:2:5-,  1:5:2-,  1:3:5-,  and  1:2: 6-chloronitrotoluenes  are  all 
slowly  reduced,  the  1:3:5-  and  1:2:  4-dichloroniti'obenzenes  undergo 
reduction    readily.     The    same    is    true    of    the    l-chloro-3  :  5-dinitro- 

*  Attention  was  first  drawn  to  this  fact  by  Kolbe  (Annalen,  1850,  76,  38),  who 
indicated  this  difference  in  the  behaviour  of  the  two  nitro-groups  in  diuitrobenzene 


by  writing  the  formula  ^Q^JNOa, 
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benzene  and  1  :  2-chloro-4  :  6-dinitrotoluene,  which  are  easily  reduced. 
Excepting  o-chloronitrobenzene,  we  have  omitted  from  the  present 
investigation  the  ortho-chloronitro-compounds,  which,  according  to 
Beilstein  and  Kurbatoff  {Ber.,  1878,  11,  2056),  are  subject  to  a  change 
of  quite  a  different  character,  namely,  the  exchange  of  the  nitro-group 
for  sulphur  or  the  mercaptan  (SH)  group,  and  the  same  seems  to  be 
the  case  with  the  o-dinitro-compounds  (see  also  Blanksma,  Rec.  Trav. 
chim.,  1905,  24,  46).  The  nitro-dei-ivatives  of  the  acids  are  not  suit- 
able for  reduction,  as  in  many  cases  the  addition  of  ammonia  to  the 
alcoholic  solution  precipitates  the  ammonium  salt  and  no  reduction 
ensues.     The  methyl  esters  are,  however,  free  from  this  objection. 

Of  the  three  isomeric  methyl  mononitrobenzoates,  the  ortho-  and 
meta-compounds  are  reduced  very  slowly,  although  not  equally  so ;  the 
para-compound,  on  the  other  hand,  is  reduced  quite  r-eadily.  Reduction 
proceeds  still  more  rapidly  with  the  methyl  esters  of  1:3:5-  and 
1:2:  4-dinitrocarboxylic  acids  and  of  the  1  :  2  :  4-,  1  :  4  :  2-,  1:3:5-, 
and  1:2:  6-chloronitrocarboxylic  acids,  and  finally  the  correspond- 
ing mononitro-esters  of  the  three  phthalic  acids.  The  nitrosulphonic 
esters  have  not  yet  been  examined. 

It  is  clear,  therefore,  that  with  an  increase  in  the  number  of  acidit; 
groups  (NOg,  CI,  CO2CH3)  the  reducing  action  of  hydrogen  sulphide  is 
facilitated.  Incidentally,  we  have  been  able  to  record  differences  in  the 
rate  of  reduction  of  isomeric  compounds  which  point  to  steric  hin- 
drance. Although,  as  stated  above,  the  chloronitrotoluenes  are 
reduced  very  slowly,  it  is  easy  to  show  that  of  the  following  six 
isomerides  examined  the  1:3:  5 -chloronitx'o toluene  is  most  rapidly 
reduced,  the  1:2:4-  and  1:2:  6-compounds  follow  next  in  order  of 
reducibility,  whilst  the  1  :  4  :  2-,  1  :  5  :  2-,  and  1:2:  6-compounds  are 
scarcely  acted  on  under  the  conditions  of  the  experiment. 

CH3  CHg  CH3  CH3  CH3  CH3 

NO,l     JCI   I       I       NO  I       I       M  Oil       I  II- 


NO2  CI 

1:3:5.       1:2:4.  1:2:5.  1:4:2.  1:5:2.  1:2:6. 

Similar  differences  have  been  shown  to  exist  between  the  three  ethyl 
nitrobenzoates,  in  which  the  para-  is  more  rapidly  reduced  than 
the  meta-compound,  and  the  latter  more  than  the  ortho-isomeride. 
Among  the  ethyl  chloronitrobenzoates,  the  order  of  reduction  is 
1:3:5  and  then  1:2:4,  which  give  an  appreciable  amount  of  chloro- 
amino  ester,  after  which  come  the  1  : 4  :  2-  and  1:2:  6-compounds, 
which  give  very  little. 
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C0./CH3 

COo-CHg 

CO^-CHg 

CO^-CH, 

N02 

CI 

1:3:5. 

1:2:4. 

1:4:2. 

1:2:6. 

The  same  is  true  of  the  three  chloronitrobenzeiies,  the  para-  and 
meta-compounds  being  more  easily  reduced  thaia  the  ortho-derivative. 
Similar  differences  are  again  observable  between  the  nitrophthalic 
esters.  Methyl-5-nitroisophthalate  is  more  rapidly  reduced  than  the 
corresponding  4-nitrophthalic  and  2-nitroterephthalic  esters,  and  these 
again  much  more  than  the  3-nitrophthalic  ester. 

CO.-CHg  COg-CHg 

A  AC0,.CH3      /\n^,       AcO,-CH3 

NO.I      JCO./CH.       NO,'      jCOo-CHo      I      J  '      JC0„-CH„' 

CO^-CH.,       NO2 

5-Nitro;soplitlialic  4-Nitrophthalic  2-Nitrotere-       3-Nitrophtlialic 

ester.  ester.  phthalic  ester.  ester. 

The  result  confirms  the  observation  of  Noelting  and  Thesmar  [Ber., 
1902,  35,  630)  that  among  the  polynitro-derivatives  of  0- and  m-xylenes 
the  nitro-group  to  be  first  reduced  adjoins  fewest  methyl  gi^oups  in  the 
ortho-position. 

The  method  adopted  in  these  experiments  was  to  dissolve  O'o  gram 
of  material  in  3  c.c.  of  methyl  alcohol  and  to  add  in  each  case  two 
drops  of  strong  ammonia  from  a  pipette.  The  solution  was  placed  in 
boiling  water,  which  was  then  allowed  to  cool,  and  a  rapid  current  of 
hydrogen  sulphide  passed  through  the  liquid  for  fifteen  minutes. 
The  reduction  is  indicated  by  the  darkening  of  the  liquid,  which  turns 
deep  red,  and,  if  much  change  occurs,  sulphur  is  also  deposited  in 
varying  quantity.  Of  the  chloronitrotoluenes  referred  to  above,  the 
liquid  turned  red  and  sulphur  was  deposited  only  in  the  case  of  the 
1:3:  5-compound,  whilst  reddening  of  the  liquid  Avas  observed  in  the 
case  of  the  1:2:4-  and  1:2:  5-com  pounds.  No  marked  change  was 
noticeable  in  the  remaining  three  compounds.  Of  the  three  chloro- 
nitrobenzenes,  reddening  of  the  liquid  occurred  in  all  three  cases,  but 
sulphur  was  deposited  only  with  the  para-  and  meta-compounds  and 
not  with  the  ortho-compound.  Of  the  three  ethyl  nitrobenzoates, 
immediate  reddening  of  the  solution  and  abundant  deposition  of 
sulphur  occurred  with  the  para-compound,  a  little  deposit  of  sulphur 
with  the  meta-compound,  and  a  faint  yellow  colour  and  no  deposit  of 
sulphur  with  the  ortho-compound. 

With  the  chloronitrobenzoic  and  nitrophthalic  esters,  the  solution  in 
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each  case  turned  dark  red  immediately,  and  sulphur  was  deposited. 
After  hydrogen  sulphide  had  been  passed  through  for  the  required 
time,  the  liquid  was  warmed  and  shaken  with  excess  of  dilute  hydro- 
chloric acid,  filtered,  and  the  filtrate  made  alkaline  with  ammonia, 
when  the  amino-compound,  if  pi-esent,  was  deposited.  The  amount  of 
precipitate  corresponded  roughly  with  the  changes  previously  noted. 
Thus,  a  precipitate  was  formed  in  small  quantity  in  the  case  of  the 
1:3:5-  (largest  amount),  1  :  2  :  4-,  and  1:2:  5-chloronitrotoluenes,  but 
none  with  the  remaining  isomerides.  A  large  amount  of  amino-ester 
(m.  p.  86°)  was  obtained  from  methyl  ^j-nitrobenzoate  and  an  appreci- 
able quantity  from  the  meta-compound,  but  no  precipitate  appeared 
in  the  case  of  the  ortho-ester.  A  small  quantity  of  ;>chloroaniline, 
which  melted  at  64°  (m.  p.  70°),  and  m-chloroaniline  were  obtained 
from  p-  and  m-chloronitrobenzenes,  but  none  from  the  ortho  compound. 
Of  the  four  methyl  chloronitrobenzoates,  O'S  gram  of  amino-compound 
was  obtained  from  the  1  : 3  : 5-compound  (m.  p.  84°)  and  0-08 
gram  from  the  1:2:  4-compound  (m.  p.  117°),  but  little  from  the  other 
two,  the  quantity  not  being  estimated.  Of  the  four  methyl  nitro- 
phthalates  already  referred  to  (p.  1259),  the  5-nitroisophthalic  ester  gave 
0-32  gram  (m.  p.  172°)  of  amino-ester,  the  2-nitroterephthalic  ester  gave 
0'04  gram  (m.  p.  131°),  the  3-nitrophthalic  ester  gave  a  scarcely  weigh- 
able  amount.*  The  behaviovir  of  the  chloronitrotoluenes,  the  chloronitro- 
benzoic  esters,  and  especially  the  nitrophthalic  esters  throws  a  little 
fresh  light  on  the  process  known  as  "  steric  hindrance."  There  is  no 
question  that  the  phenomenon  is  manifested  in  the  reduction  of  nitro- 
compounds, but  it  is  clearly  dependent  to  some  extent  on  the  other 
groups  present.  The  theory  as  generally  understood  would  anticipate 
a  more  rapid  reduction  of  the  1  : 2  :  4-  and  1  :  2  :  5-  than  of  the 
1:3:  5-chloronitrotoluene,  of  methyl  1:2:  4-chloronitrobenzoate  rather 
than  the  1  : 3  : 5-compoand,  and  of  the  1:2:4-  rather  than  the 
1  :  3  : 5-nitrophthalic  esters,  yeb  the  reverse  is  the  case.  The  greater 
reducibility  of  methyl  1:4:  2-nitroterephthalate  than  of  the  corre- 
sponding 1:2:  3-nitrophthalic  ester  is  still  more  striking,  for  according 
to  the  theory  they  should  exhibit  no  difference.  The  probable  explana- 
tion is  that  the  reduction  of  the  nitro-group  is  not  mei-ely  retarded  by 
the  juxtaposition  of  another  group,  but  even  when  that  group  is  in 
the  meta-  or  para-position  to  the  nitro-group  and  therefore  out  of  range 
of  its  action  it  may  influence  the  adjoining  atom  or  group  so  as  to 
*  In  addition  to  the  0'32  gram  of  base  obtained  from  the  5nitroisojihthalic  ester, 
0*112  gram  of  substance  was  separated  which  dissolved  in  strong  hydrochloric  acid, 
was  precipitated  by  water,  and  gave  the  hydroxylamine  reaction  strongly.  It  crys- 
tallises in  pale  yellow  needles  from  benzene  and  melts  at  158  —  160°.  The  quantity 
of  reduced  product  obtained  from  the  4-nitrophthalic  ester  amounted  to  0'2  gram  (tf 
liquid  ;  butitAvas  not  pure  amino-ester  and  eontnincd  a  yellow  substance,  the  nature 
of  which  has  not  been  ascertained. 
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affect  indirectly  the  rate  of  reduction.  It  therefore  follows  that  the 
symmetrical  compounds  are  the  most  reducible.  We  may  sum  up  the 
foregoing  observations  in  the  following  empirical  rule  :  The  rate  of 
reduction  is  increased  by  the  j^resence  of  acidic  groups  (NOg,  CI,  COoMe) 
and  diminished  by  that  of  basic  groups  (CHg^  NHg),  and  is  further 
affected  by  steric  hindrance. 

The  following  is  a  list  of  nitro-compounds  which  have  been  included 
in  the  scope  of  our  inquiry  and  which  are  divided  roughly  into  two 
classes,  namely,  (1)  those  which  in  hot  methyl-alcoholic  solution  readily 
undergo  reduction,  and  (2)  those  which  are  slowly  reduced. 


II. 


Quickly  reduced. 

Slowly  reduced. 

1  :  3-Dinitrobenzeiie. 

o-Chloronitrol)eDzeiie. 

1:3:  5-Triiiitrobenzene. 

in-                 , , 

1:3:  5-Chlorodinitrobenzene. 

P- 

1:3:  5-DichloroDitrobenzene. 

o-Nitrotolueue. 

1:2:  4-Dichlorointrobenzene. 

m-          ,, 

1:2:  4-Dinitrotohiene. 

P- 

1  :S 

:  6- 

1:2:  4-Chloronitrotoluene 

1:3:5- 

1:4:2- 

1:2:4:  6-Trinitrotolnene. 

1:2:5- 

1:4:2:  6-ChIorodiiiitiotoluene. 

1:5:2- 

1:2:4:  6-Dicliloronitrotoluene. 

1:2:6- 

Methyl  1  :  4-iutrobenzoate. 

1:3:5- 

,       1:3: 5-cliloroiiitrobenzoate. 

2  :  4-Dinitro-m-xylene. 

,       1:2:6- 

Trinitro-?n.-xylene. 

,       1:2:4- 

Dinitromesitylene. 

,       1:4:2- 

Trinitromesityleiie. 

,       1:3: 5-dinitrobeiizoate. 

Methyl  1  : 2-nitrobenzoate. 

,       1:2:4- 

„       1:3- 

,       S-nitroisophthalate. 

,       2-nitroterephthalate. 

,       3-iiitrophtlialate. 

,4-             ,,               (abnormal). 

The  next  point  to  which  we  directed  our  attention  was  the  mechan- 
ism of  the  change  itself. 

Bamberger  has  shown  {Ber.,  1894,  27,  1349)  that  the  neutral 
reduction  of  nitro-compounds  gives  rise  to  the  formation  of  hydroxyl- 
amine  compounds.  Cohen  and  Dakin  (Trans.,  1902,  81,  26)  obtained 
these  compounds  under  certain  conditions  during  the  reduction  of 
trinitrobenzene  and  trinitrotoluene  with  hydrogen  sulphide,  and 
incidentally  Cohen  and  Marshall  (Trans.,  1904,  85,  527)  obtained  a 
small  quantity  of  a  similar  product  from  2  :  6-dinitrotoluene.  That 
there  are  at  least  two  well-defined  stages  in  the  reduction  of  most 
nitro-compounds  with  ammonium  sulphide  follows  from  these  experi- 
ments and  from  further  evidence  which  we  have  since  collected. 
Moreover,  the  formation  of  the  intermediate  hydroxylamine  compound 
influences  the  subsequent  changes  in  a  very  marked  degree.  In  order 
to  follow  the  course  of  the  reaction,  it  has  been  necessaiy  to  examine 
each  of  these  stages  separately.     We  have  succeeded  in  doing  this  by 
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finding  suitable  methods  for  arresting  the  I'eduction  to  some  extent  at 
the  hydroxylamine  stage  and  studying  the  behaviour  of  these  inter- 
mediate compounds.  Thus,  we  have  shown  that  some  hydroxylamine 
compounds  are  very  sensitive  to  the  action  of  ammonia  and  certain 
organic  bases,  forming  in  some  cases  new  crystalline  compounds,  in 
others  tarry  products.  In  both  cases  the  ditainished  yield  of  amino- 
compound  which  is  frequently  experienced  when  much  ammonia  is 
used  may  be  thus  explained.  That  hydrogen  sulphide  in  presence  of 
a  trace  of  ammonia  will  effect  rapid  reduction  of  large  quantities  of 
material  was  first  observed  in  the  case  of  1:3:  5-trinitrobenzene  and 
1:2:4:  6-trinitrotoluene  {loc.  cit.).  The  same  phenomenon,  which  has 
now  been  found  to  occur  in  the  case  of  methyl  1:3:5-  and  1:2:  4-di- 
nitrobenzoates  and  some  other  compounds  highly  charged  with  acidic 
groups,  led  us  to  suppose  that  the  alkali  acted  as  a  catalyst. 

Before  investigating  this  point,  we  examined  the  effect  of  traces  of 
other  bases  in  place  of  ammonia.  Trinitrotoluene  and  methyl 
1  : 3  :5-dinitrobenzoate,  which  are  rapidly  reduced  in  presence  of  a 
trace  of  ammonia,  were  found  to  be  similarly  affected  by  traces  of 
primary,  secondary,  and  tertiary  aliphatic  amines,  benzylamine, 
piperidine,  and  menthylamine,  but  not  by  the  weak  bases,  aniline, 
pyridine,  and  phenylhydrazine. 

The  catalytic  action  of  the  strong  bases  might  be  explained  on  the 
assumption  that  previous  to  reduction  isodynamic  change  of  the 
following  character  occurs : 


/ 


{\ 


On  the  reduction  of  the  nitroxylic  group  or  its  dissociated  ion  to 
the  basic  hydroxylamine  compound,  ammonia  would  be  set  free  and 
form  a  fresh  combination.  In  this  way  the  process  could  continue  inde- 
finitely. The  formation  of  an  ammonium  salt  of  a  pseudo-acid  of  the 
above  character  would  agree  with  the  existence  of  a  potassium  com- 
pound of  trinitrobenzene  observed  by  Lobry  de  Bruyn  and  by  V.  Meyer 
{Ber.,  1896,  29,  848).  It  is  formed  by  the  action  of  potassium  meth- 
oxide  on  trinitrobenzene.  The  formula  assigned  by  Lobry  de  Bruyn 
was  CgIl3(N02)3,KOCH3,|H20,  whereas  V.  Meyer  preferred  to  regard 
the  alkali  metal  as  replacing  hydrogen  in  the  benzene  nucleus,  thus  : 
CyH2K(N02)3,CH3-OH,iH20.  In  further  support  of  the  existence  of 
a  pseudo-acid  may  be  mentioned  the  coloured  solutions  which  ammonia 
and  other  bases  give  with  many  of  the  more  acidic  nitro-compounds. 
Moreover,  Angeli  and  Angelico  {Rend.  Accad.   Lincei,   1903,   i    314) 
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have  shown  that  by  the  action  of  ethyl  nitrate  and  sodium  ethoxide 
on  pyrrole  salts  of  pyrrolenitroxylic  acids  ax'e  produced  to  which  they 
have  assigned  the  following  formulae  : 

CH  HC_C:NO-ONa 

CiNO-ONa     or     Hc/    ^CH 

N 

A  similar  view  has  been  expressed  by  Bruni  and  his  collaborators 
{Atti  R.  Accad.  Lincei,  1900,  (v),  9,  i,  273,  393,  and  Gazzetta,  1905, 
34,  ii,  479)  from  the  results  of  an  examination  of  the  dissociation  of 
nitro-compounds  in  different  solvents  by  the  cryoscopic  and  ebullio- 
scopic  methods.  They  find  that  the  accumulation  of  electro-negative 
groups  in  the  molecule  increases  the  amount  of  dissociation.  The 
reducibility  by  hydrogen  sulphide  conforms  very  closely  to  the  amount 
of  dissociation  found  by  these  authors.  Thus,  in  formic  acid  and 
certain  other  solvents,  trinitrobenzene,  trinitrotoluene,  trinitro-j> 
xylene,  and  dinitromesitylene,  the  isomeric  chloronitrobenzenes  and 
methyl  nitrobenzoates  are  more  or  less  dissociated,  whilst  trinitro- 
mesitylene  and  bromodinitromesitylene  are  undissociated.  The  authors 
conclude  that  it  is  not  only  the  number  of  electro-negative  groups 
present,  but  the  specific  nature  of  the  nitro-group  itself  which  deter- 
mines the  dissociation.  They  consider  that  the  nitro-compounds  in 
formic  acid  are  dissociated  only  in  presence  of  a  mobile  hydrogen  atom 
in  the  nucleus  and  assign  to  the  nitro-group  the  formula  discussed 
above,  >NO-OH. 

The  above  explanation  might  account  for  the  reduction  of  those 
compounds  which  takes  place  in  presence  of  a  trace  of  alkali,  but  it 
cannot  be  applied  to  the  reduction  of  nitro-compounds  in  general  for 
the  following  reasons.  1  : 3-Dinitrobenzene  and  1:2:4-,  1:2:6-, 
and  1:3: 5-dinitrotoluenes  and  certain  other  nitro-compounds  are 
only  partially  reduced  unless  a  considerable  quantity  of  ammonia  is 
present.  Ammonia  in  such  cases  obviously  does  not  play  the  part  of 
a  catalyst.  Moi-eover,  a  pseudo-acid  of  the  character  described 
necessitates  a  free  oi-tho-  or  para-position,  whereas  compounds  which 
are  substituted  in  both  ortho-  and  para-positions  in  regard  to  the 
nitro-group  undergo  reduction.  Thus,  dinitromesitylene  is  slowly 
reduced  by  the  prolonged  action  of  ammonium  sulijhide  on  the  hot 
solution  (Knecht,  Annalen,  1882,  215,  98) : 


4  p  2 
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Also  both  di-  and  tri-nitroxylene?,  although  they  contain  free 
para-  and  ortho-positions,  are,  nevertheless,  not  much  more  rapidly 
reduced  than  dinitromesitylene.  A  theory  which  does  not  include 
every  case  of  reduction  cannot  be  regarded  as  complete,  and  another 
explanation  will  have  to  be  found.  The  action  of  the  solvent  intro- 
duces a  new  phase  of  the  problem  which  may  possibly  contribute  to 
its  solution,  and  an  investigation  into  the  effect  of  various  solvents  on 
the  reduction  of  the  nitro-compounds  has  already  been  initiated. 

In  the  experimental  part  which  follows,  we  have  described  the 
formation  of  certain  hydtoxylamino-  and  amino-compounds  which  are 
formed  during  the  progressive  reduction  of  the  nitro-compounds 
already  referred  to. 

Experimental. 
Reduction  0/  1  :  3  :  5-ChlorodiuUro-  and  1:3:  ^-Dichloronitro-henzenes. 

l-Chloro3  :  5-dimtrobenzene. — The  reduction  of  trinitrobenzene  was 
carried  out  in  the  manner  already  described  (Trans.,  1902,  81,  27). 
The  amino-compound  was  separated  from  the  hydroxy lamine  derivative 
by  dissolving  the  product  in  strong  hydrochloric  acid,  diluting,  and 
filtering  from  the  insoluble  hydroxylamine  base.  The  amino-compound 
was  precipitated  in  the  filtrate  with  ammonia.  The  melting  point  of 
the  hydroxylamine  compound  is  135 — 137°  and  not  114 — 116°  as  pre- 
viously given  (loc.  cit.).  It  crystallises  from  dilute  hydrochloric  acid 
or  benzene  in  yellow  needles:  and  dissolves  in  concentrated  ammonia 
giving  a  violet-brown  solution,  which  is  changed  on  heating  to  a  tarry 
mass.  The  3  :  5-dinitro-l-aminobenzene  was  converted  into  the  corre- 
sponding chloro-compound  in  the  ordinary  way.  The  latter  crystallises 
in  colourless  needles  which  melt  at  55°. 

l-Chloro-5-nitro-3-hydroxylaminohenzene. — Hydrogen  sulphide  reduces 
the  chlorodinitro  compound  under  precisely  the  same  conditions  as  the 
ti'initro-compound.  The  reduction  product  Avas  poured  into  water, 
filtei-ed,  and  washed  ;  the  precipitate  was  then  boiled  with  dilute  hydro- 
chloric acid  and  the  solution  filtered  from  sulphur.  On  cooling  the 
filtrate,  lemon-yellow  crystals  of  the  hydroxylamine  compound  separ- 
ated, which,  after  a  second  crystallisation,  melted  at  129 — 130°.  On 
boiling  a  small  quantity  of  the  substance  with  strong  hydrochloric 
acid  and  a  few  crystals  of  potassium  iodide,  iodine  vapours  were 
evolved,  showing  the  presence  of  the  hydroxylamine  compound.  After 
expelling  the  iodine,  the  liquid  was  diluted  with  water,  which  now 
produced  no  precipitate,  but  on  adding  ammonia  a  base  was  precipitated 
having  the  slightly  higher  melting  point  (130 — 134°)  of  the  following 
amino-compound. 

\-Chloro-b-nitro-3-aminobenzene. — Ammonia,    when     added    to    the 
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filtrate  from  the  hydroxylamine  compound,  precipitated  the  amino- 
compound  ;  this  product  crystallises  in  orange  needles  from  alcohol,  melt- 
ing at  133 — 134°,  and  does  not  liberate  iodine  from  potassium  iodide. 

1  :  o-Dichloro-5-aminohsnzene. — 1  :  3-Dichloro-5-nitrobenzene  is  re- 
duced rapidly  in  the  cold  in  presence  of  a  trace  of  ammonia,  and  the 
product  freed  from  sulphur  gives  the  hydroxylamine  reaction  vei-y  dis- 
tinctly. The  hydroxylamine  compound  was  not  isolated,  but  after 
boiling  with  potassium  iodide  and  hydrochloric  acid  and  driving  off  the 
iodine  the  base  was  pi*ecipitated  and  gave  the  correct  melting  point 
(49 — 51°)  for  the  1  :  3-dichloro-5-aminobenzene. 

Reduction  o/  1  :  2  :  4  :  %-Chlorodinitro-  and  DicMoronitro-tohcenes. 
4:-ChIo)-o-2  : 6-dimtrotoluene. 

Trinitrotoluene  was  reduced  as  previously  described  {loc.  cit.).  The 
crude  product,  which  melted  at  120 — 160°  and  contained  some 
hydroxylamine  base,  was  at  once  boiled  with  potassium  iodide  and 
strong  hydrochloric  acid  in  order  to  convert  the  whole  into  the 
aminocompound.  In  this  way,  pure  2  :  6-dinitro-4-aminotoluene 
(m.  p.  168 — 169°)  was  obtained.  We  must  correct  a  previous  statement 
in  regard  to  the  structure  of  the  hydroxylamine  compound.  In 
the  paper  referred  to  (loc.  cit.),  it  was  stated  that  on  boiling 
the  hydroxylamine  compound  with  strong  hydrochloric  acid  a  colour- 
less, crystalline  compound  was  precipitated  which  was  assumed 
to  be  the  2  : 4-dinitro-6-aminotoluene.  This  is  clearly  incoi'rect. 
We  have  not  yet  determined  the  structure  of  the  compound  in  ques- 
tion, but  from  the  foregoing  it  is  evident  that  it  is  the  4-nitro-  and  not 
the  6-nitro-group  which  suffers  reduction.  The  amino-group  was  re- 
placed by  chlorine  in  the  usual  way ;  it  crystallises  from  alcohol  in 
colourless  plates  which  melt  at  76 — 77°.  The  structure  of  the  chloro- 
dinitrotoluene  follows  from  the  method  of  preparation  and  also  from 
the  fact  that  it  gives  the  reaction  for  ?>i-diamines  on  reduction  : 

CH3 


CI. 

M.  p.  76 — 77°. 

This  contradicts  an  observation  of  Goldschmidt  and  Honig  (Ber., 
1886,  19,  2439;  1887,  20,  2420).  In  describing  the  nitration  pro- 
ducts of  ^>chlorotoluene,  these  authors  obtained  two  mononitrotoluenes 
and  a  dinitrotoluene  (m.  p.  76°).  From  the  failure  of  the  latter  to 
give  the  reaction  for  either  vi-  or  ^-diamines,  they  concluded 
that  the  compound  in  question  was  4-chloro-2  :  3-dinitrotoluene.    They 
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further  nitrated  4-chloro-2-nitrotoluene  and  obtained  a  chlorodinitro- 
toluene  (m.  p.  101°),  to  which  the  above  formula  of  our  compound  is 
ascribed.  From  our  experiments,  the  formulfe  for  the  first  of  Gold- 
schmidt  and  Honig's  compounds  must  be  4-chloro-2  :  6-dinitrotoluene, 
whilst  the  second  is  either  the  4-chloro-2  :  3-dinitro-  or,  more 
probably,  the  4-chloro-2  :  5-dinitro-toluene. 

4:-Chloro-2-h7/droxylamino-Q-nitrotoluene. — This  substance  is  obtained 
in  the  usual  way  by  reduction  with  hydrogen  sulphide  in  presence  of 
a  trace  of  ammonia,  little  heat  being  evolved  during  the  process.  The 
hydroxylamine  compound  separated  in  the  usual  way,  crystallised  in 
yellow  needles  from  alcohol  or  benzene,  and  then  melted  at 
121—122°. 

4:-Chloro-Q-nitro-2-aminotolue7ie. — On  boiling  the  hydroxylamine 
compound  with  hydrochloric  acid  and  potassium  iodide,  the  base  was 
obtained,  which  crystallised  in  pale  yellow  needles  from  alcohol  and 
melted  at  95—96°. 

2  :  i-DicJiloro-^-nitrotoluene  was  prepared  from  the  amino-compound 
by  Sandmeyer's  reaction  and  crystallised  in  colourless  plates  (m.  p. 
59—60°). 

2  :  ^-Dichloro-^-hydroxylaviinotoluene. — 2:  4-Dichloro-6-nitrotoluene 
underwent  reduction  in  presence  of  a  trace  of  ammonia,  and  from  the 
product  the  hydroxylamine  derivative  was  separated,  which  crystallised 
from  alcohol  in  colourless  needles  (m.  p.  101°), 

Reduction   of  Trinitro-m-xylene. 

Trinitro-m-xylene  is  reduced  very  slowly  even  in  the  hot  solution. 
After  one  hour,  with  about  0'5  gram  of  material,  some  of  the  trinitro- 
compound  was  still  unchanged.  After  filtering  from  sulphur,  water 
was  added  and  the  lemon-yellow  precipitate  was  filtered  and  washed. 
It  gave  the  hydroxylamine  reaction  very  strongly  with  potassium 
iodide  and  hydrochloric  acid.  The  hydroxylamine  compound,  which 
was  not  quite  pure,  melted  at  about  117 — 120°. 

Reduction  of  Methyl  3  :  5-Dinitrohenzoate. 

Methyl  3  : 5-dinitrobenzoate,  which  was  prepared  by  Fischer  and 
Speyer's  method,  melts  at  107 — 109°,  the  yield  of  ester  being  about 
equal  to  the  weight  of  acid  taken.  To  30  grams  of  the  finely-powdered 
ester  were  added  100  c.c.  of  methyl  alcohol  and  1  c.c.  of  strong  ammonia. 
Hydrogen  sulphide  was  introduced  for  about  two  hours,  the  mixture 
being  cooled  in  water  or  ice ;  the  liquid  became  dark  red,  and  sulphur 
was  deposited.  The  mixture  was  then  heated  to  boiling  on  the  water- 
bath,  and  hydrogen  sulphide  was  again  passed  into  it.  The  product 
was  diluted  with  water,  filtered,  and  washed  ;  strong  hydrochloric  acid 
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was  added  to  the  orange  crystalline  mass,  which  dissolves  the  hydroxyl- 
amino-  and  amino-eslers  and  leaves  sulphur.  The  acid  liquid  was 
filtered  from  sulphur  and  the  filtrate  largely  diluted  with  water.  The 
hydroxylamino-ester  was  precipitated,  whilst  the  amino-ester  remained 
in  solution,  from  which  it  was  thrown  down  by  ammonia.  The  quantity 
of  the  two  bases  obtained  in  four  experiments  varied  between  12  and 
15  grams  of  the  amino-compound  and  6  to  10  grams  of  the  hydroxyl- 
amine  compound. 

Methyl  d-nitro-S-hydroxykuninobenzoate  is  a  pale  yellow  substance, 
which  crystallises  readily  from  benzene  or  dilute  hydrochloric  acid  in 
small  needles  and  melts  at  107 — 108°;  it  is  a  weak  base  which  forms 
colourless  salts  with  the  strong  mineral  acids  ;  these  compounds  are, 
however,  dissociated  on  dilution,  and  the  base  is  again  precipitated. 
On  boiling  with  strong  hydrochloric  acid,  it  is  slowly  converted  into 
the  amino-ester.  The  same  result  is  more  rapidly  effected  by  boiling 
with  strong  hydrochloric  acid  and  potassium  iodide.  Iodine  is  liberated, 
and  on  diluting  a  clear  solution  is  obtained,  from  which  ammonia  pre- 
cipitates the  amino-ester,  melting  after  recrystallisation  at  157 — 160°. 
A  partial  conversion  into  the  amino-ester  is  also  effected  by  prolonged 
boiling  with  alcohol  alone.  When  the  hydroxylamine  compov^nd  is 
dissolved  in  alcohol  made  alkaline  with  ammonia  and  hydrogen 
sulphide  passed  through  the  solution,  it  is  completely  transformed  into 
the  amino-ester.  This  fact  may  be  taken  as  indicating  that  the 
hydroxylamine  compound  is  an  intermediate  product  in  the  production 
of  the  amino-ester.  The  hydroxylamine  compound  is  very  easily 
decomposed  by  boiling  with  alcoholic  solutions  of  ammonia  and  organic 
bases.  In  such  cases,  only  a  small  quantity  of  amino-compound  is 
present  in  the  product,  which  consists  mainly  of  crystalline  substances, 
dissolving  neither  in  strong  nor  dilute  hydrochloric  acid.  These 
compounds  are  easily  obtained  pure  by  crystallisation,  but  have  not 
yet  been  fully  examined.  On  analysis,  the  hydroxylamine  compound 
furnished  the  following  result : 

0-2134  gave  24-85  c.c.  moist  nitrogen  at  16°  and  758  mm.    ]Sr=  13-63. 
CgHgOjNg  requires  N=  13*21  per  cent. 

Methyl  2)-Nitro-t)-aminohenzoate. — The  amino-ester,  obtained  either 
by  direct  reduction  of  the  dinitro-ester  in  the  manner  described  or 
from  the  hydr-oxylamine-ester,  is  a  yellow,  crystalline  compound  when 
precipitated  in  a  fine  state  of  division  from  its  solution  in  acid  ;  it 
may  be  crystallised  from  alcohol,  and  has  then  a  dark  red  colour  and 
melts  at  158—160°. 

0-2304  gave  28  c.c.  moist  nitrogen  at  16°  and  765  mm.     N-:  14-36. 
CgHgO^Ng  requires  N=  14-28  per  cent. 
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With  acetyl  and  benzoyl  chlorides,  it  forms  colourless,  crystalline 
derivatives,  the  acetyl  compound  melting  at  165 — 167°  and  the  benzoyl 
derivative  at  178°. 

The  acetyl  derivative  was  analysed  with  the  following  result : 

0-2246  gave  22-9  c.c.  moist  nitrogen  at  16°  and  758  mm.    N=  11-93. 
CjoHjQOglSrg  requires  N  =  11-77  per  cent. 

When  the  amino-ester  is  hydrolysed  with  four  times  its  weight  of 
sulphuric  acid  (1  vol.  of  strong  sulphuric  acid  and  2  vols,  of  water), 
the  acid  obtained  melted  at  209—210°  (Hubner,  Annalen,  1884,  222, 
81,  gives  208°). 

Methyl  3-Chloro-5-aminobenzoafe. — The  above  compound  is  readily 
reduced  by  hydrogen  sulphide  in  presence  of  a  trace  of  ammonia  with 
evolution  of  heat.  After  reduction,  the  alcoholic  solution  was  filtered 
from  sulphur  and  diluted  with  water.  The  yellow  precipitate  after 
filtration  was  boiled  with  dilute  hydrochloric  acid,  and  from  the  hot 
acid  solution  on  cooling  the  chloroamino-ester  was  precipitated  with 
ammonia  and  crystallised  from  water  ;  it  forms  glistening,  foliated 
crystals,  which  melt  at  84 — 86°.  No  hydroxylamine  compound  was 
either  detected  or  separated. 

Reduction  of  Methyl  2  :  i-Dinitrohenzoate. 

The  ester  was  obtained  by  Fischer  and  Speyer's  method,  but  the 
yield,  probably  owing  to  steric  hindrance,  was  much  smaller  than  in 
the  case  of  the  3  : 5-dinitro-acid.  Fifty  grams  of  acid  gave  30  grams 
of  pure  ester  meltiug  at  79 — 80°. 

The  reduction  was  carried  out  in  exactly  the  same  manner  as 
previously  described  under  the  3  : 5-dinitro-ester.  The  product  was 
poured  into  water  and  filtered ;  from  the  filtrate  on  standing  orange 
needles  separated,  which  melted  at  108 — 110°. 

Methyl  2-A'^itro-4:-hydroxylaminobenzoate. — The  substance  melting 
at  108 — 110°  gave  the  hydroxylamine  reaction  with  hydrochloric  acid 
and  potassium  iodide,  and  after  boiling  off  the  iodine  and  adding 
ammonia  to  the  clear  solution  the  amino-compound  (m.  p.  156 — 158°) 
was  precipitated. 

0-1983  gave  23-8  c.c.  moist  nitrogen  at  19°  and  737  mm.     N  =  13-0. 
CgHgOjNg  requires  ]Sr  =  13-21  per  cent. 

Methyl  4:'A')nino-2-nitrobenzoate. — The  residue  left  on  filtration  was 
dissolved  in  strong  hydrochloric  acid  and  filtered  from  sulphur  ;  on 
dilution,  a  considex-able  quantity  of  yellow  precipitate  was  produced 
which  proved  to  be  the  amino-ester.  A  further  quantity  was  pre- 
cipitated by  ammonia.     From  30  grams  of  ester,  11  grams  of  amino- 
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ester  were  obtained.     Recrystallised  from  dilute  alcohol,  it  separated 
in  the  form  of  light  brown,  flat  prisms  melting  at  157 — 159'5°. 

0-1452  gave  17=2  c.e.  moist  nitrogen  at  13-5°  and  748  mm.    N  =  14  06. 
CgHgO^ISTg  requires  N  =  14-28  per  cent. 

It  forms  an  acetyl  derivative,  which  crystallises  from  water  or  dilute 
alcohol  in  colourless  needles  (m.  p.  76°),  and  a  benzoyl  derivative, 
which  crystallises  from  benzene  in  colourless  needles  (m.  p.  93 — 94°) ; 
it  does  not  diazotise  readily,  and  the  product,  after  introducing 
chlorine,  was  difficult  to  purify. 

Beduction  of  the  Methyl  A^itrophthalates. 

diethyl  3-nitro-l  :2-phthalate,  obtained  from  the  nitro-acid  by  the 
action  of  methyl  iodide  on  the  silver  salt,  melts  at  69°.  There  is  very 
little  change  on  reduction  in  the  cold,  but  on  warming  the  liquid 
becomes  darker  and  a  little  sulphur  is  deposited.  Even  then  the 
reduction  only  proceeds  slowly. 

Methyl  4:-nitro-l  :  2-2)hthalate  was  prepared  from  the  nitro-acid  by 
Fischer  and  Speyer's  method  and  melts  at  64 — 65° ;  the  action  was 
very  similar  to  that  of  the  foregoing  compound,  namely,  little  reduction 
in  the  cold  and  more  energetic  action  on  warming,  with  rapid  separation 
of  sulphur.  As  already  explained,  the  rate  of  reduction  is  much  more 
rapid  than  in  the  case  of  the  previous  compound,  but  the  process  is 
not  normal,  and  the  product  contains  a  yellow,  viscid  oil,  which  is 
probably  a  sulphur  compound. 

Methyl  5-nitro-l  :  3-isophthalate  wa^s  prepared  by  Fischer  and  Speyer's 
method  and  melts  at  121°.  The  reduction  takes  place  to  a  consider- 
able extent  in  the  cold,  and  without  change  of  temperature ;  on 
warming,  the  reaction  is  rapid.  The  product  was  exti-acted  with 
dilute  hydrochloric  acid  and  filtered.  From  the  filtrate,  the  amino- 
compound  was  precipitated  and  melted  without  crystallisation  at 
173 — 175°  (correct  m.  p.  176°).  The  residue  on  the  filter  gave  the 
hydroxylamine  reaction  strongly.  It  dissolved  in  strong  hydrochloric 
acid  and  was  precipitated  on  the  addition  of  water.  On  crystallising 
from  benzene,  it  formed  pale  yellow  needles  melting  at  158 — 160°, 
and  after  boiling  with  potassium  iodide  and  hydrochloric  acid  and 
filtering  in  the  usual  way  the  amino-compound  was  precipitated  and 
melted  at  172 — 175°  without  crystallisation. 

Methyl  2-NitrO'l  :  ^i-terejjldhalate. — The  melting  point  of  the  ester  is 
73 — 74°,  and  not  70°  as  given  in  Beilsfein's  Ilandbuch.  There  is  little 
action  in  the  cold,  but  on  heating  the  usual  change  to  dark  red  with 
deposition  of  sulphur  indicated  that  reduction  was  taking  place.  After 
pouring  into  water,    the   precipitate   was   collected   on   a   filter   and 
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extracted  with  concentrated  hydrochloric  acid.  On  adding  water,  a 
portion  melting  at  156°  was  deposited,  and  from  the  solution  ammonia 
precipitated  the  amino-compound,  melting  at  132°. 

The  portion  melting  at  156°  was  recrystallised  from  benzene  and 
formed  pale  yellow,  spear-shaped  clusters  (m.  p.  157°)  which  gave 
the  hydroxylamine  reaction,  and  was  converted  by  the  usual  method 
into  the  amino-compound  melting  without  crystallisation  at  131°.  The 
amino-compound  crystallises  in  colourless,  shining  leaflets  from  dilute 
alcohol  and  melts  at  131—132°. 

Reduction  of  the  Methyl  Nitrohenzoates. 

The  method  of  reduction  of  the  three  isomeric  esters  has  already 
been  described  in  the  introduction ;  the  following  additional  details 
may  be  recorded.  The  ortho-ester  is  a  liquid,  the  meta-ester  melts  at  80°, 
and  the  para-ester  at  94 — 95°.  The  amino-compound  derived  from  the 
para-ester  crystallises  in  lustrous,  flattened  prisms  and  melts  at  86°. 

Reduction  of  1  :  2-Dichloro-i-7iitrohenzene. 

After  reduction  in  the  ordinary  way,  the  hot  alcoholic  solution  was 
filtered  from  sulphur,  and  on  cooling  yellow  crystals  separated  which, 
after  recrystallisation  from  alcohol,  melted  at  138—140°  ;  this  substance 
did  not  give  the  hydroxylamine  reaction  and  its  constitution  was  not 
ascertained.  Dilute  hydrochloric  acid  was  then  added  to  the  filtrate 
and  the  unchanged  nitro-compound  removed  with  ether.  From  the 
aqueous  portion  after  extraction,  ammonia  precipitated  the  crystalline 
base  which,  without  purification,  melted  at  69 — 70°  (corr.  71-5°). 
The  base  amounted  to  about  half  of  the  original  material,  the 
remainder  being  unchanged  substance^and  the  compound  melting  at 
138—140°. 

Reduction  of  1  :  3-Dichloro-5-7iitrohenzene 
(see  p.  1265). 

Reduction  of  the  Chloronitrotoluenes. 

The  six  isomeric  chloronitrotoluenes  referred  to  in  the  introduction 
were  prepared  from  the  corresponding  nitrotoluidines  by  well-known 
methods.  Some  slight  modifications  were  introduced  into  the  prepara- 
tion of  1:3: 5-dinitrotoluene  which  may  be  useful  to  record,  and 
from  it  the  corresponding  chloronitro-derivative  was  obtained.  After 
nitrating  ^j-acetotoluidide  in  the  manner  described  by  Stadel  (Annalen, 
1883,  217,  189),  the  dinitro-compound  was  recrystallised  and  hydrolysed 
on  the  water-bath  with  15  parts  of  sulphuric  acid  (5  vols,  of  con- 
centrated acid  to  10  vols,  of  water)  instead  of  boiling  with  caustic 
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potash,  which  gives  a  less  pure  product.  In  place  of  using  nitrosyl- 
sulphate  for  diazotising,  as  recommended  by  Honig  [Ber.,  1887,  20, 
2418),  the  dinitrotoluidine  can  be  much  more  easily  convei'ted  into 
dinitrotoluene  as  follows  : 

One  part  of  finely  divided  substance  suspended  in  20  vols,  of  absolute 
alcohol  and  5  vols,  of  strong  sulphuric  acid  are  heated  on  the  water- 
bath  and  3  parts  of  powdered  sodium  nitrite  gradually  introduced. 
When  effervescence  ceases,  water  is  added  and  the  dinitrotoluene 
filtered  and  recrystallised  from  alcohol.  A  theoretical  yield  of  pure 
dinitro-compound  melting  at  92 — 93°  was  thus  obtained.  The 
1:3: 5-nitrotoluidine  was  prepared  by  reduction  with  hydrogen 
sulphide  in  presence  of  ammonia  in  the  usual  way.  The  chloronitro- 
compound  melted  at  58 — 60°  after  crystallisation  from  alcohol,  and 
not  at  55°  as  given  by  Honig. 

rreparation  and  Reduction  of  the  Methyl  Chloronitrobenzoates. 

diethyl  2-ChIoro-6-')iitrobenzoate. — The  acid  was  obtained  by  the  oxida- 
tion of  2-chloro-6-nitrotoluene  with  nitric  acid  in  a  sealed  tube  ;  when 
pure,  it  melts  at  161°.  The  silver  salt  crystallises  from  water  in  needles. 
The  methyl  ester  was  obtained  in  the  usual  way  from  the  silver  salt 
and  methyl  iodide,  and  crystallises  from  ether  in  colourless  needles 
which  melt  at  80—82°. 

Methyl  3-chloro-5-nit7-ohenzoate,  obtained  by  Sandmeyer's  method 
from  the  corresponding  amino-ester  described  on  p.  1268,  crystallises 
from  dilute  alcohol  in  colourless  needles  and  melts  at  79 — 80°. 

Methyl  2-chloro-i-nitrohenzoate  was  prepared  by  first  oxidising  the 
corresponding  chloronitrotoluene  with  nitric  acid  in  a  sealed  tube.  The 
resulting  acid  was  purified  by  crystallising  from  benzene,  from  which  it 
separates  in  rhomboidal  plates  containing  benzene  of  crystallisation. 
The  acid  from  which  the  benzene  has  been  removed  on  the  water-bath 
melts  at  140—142°;  it  was  converted  into  the  silver  salt,  which 
separates  from  water,  in  which  it  is  moderately  soluble,  in  colourless 
needles.     The  methyl  ester  melts  at  73 — 75°. 

Methyl  i-chloro-2-nitrohenzoate  was  prepared  in  the  same  manner  as 
the  preceding  compound.  The  acid  obtained  by  oxidation  with  nitric 
acid  from  the  chloronitrotoluene  is  very  impure,  but  can  be  purified 
by  repeated  crystallisation  from  water  and  then  from  benzene  ;  it 
crystallises  in  large  plates  and  melts  at  140 — 142°.  The  methyl 
ester  prepared  from  the  silver  salt  melts  at  41 — 43°.  All  the  above 
esters  exhibit  very  little  difference  in  their  behaviour  with  hydrogen 
sulphide  in  presence  of  ammonia.  The  colour  of  the  solution  in  methyl 
alcohol  reddens  instantly,  and  shortly  afterwards  sulphur  is  deposited 
in  quantity. 


1272      ARMSTRONG   AND   ROBERTSON  :   THE   SIGNIFICANCE   OF 

We  have  to  thank  Mr.  M.  Booth  for  the  analysis  of  three  of  the 
compounds  described,  and  Mi\  C.  A.  King  for  several  of  the  pre- 
parations. 

The  University, 
Leeds. 


CXXVIII. — Tlw  Significance  of  Optical  Proijerties  as 
connoting  Structure  :  Camphorquinone  —  Hydr- 
azones — Oximes — Diazo-derivatives ;  a  Continhution 
to  the  Theory  of  the  Origin  of  Colour  and  to  the 
Chemistry  of  Nitrogen. 

By    Henry    E.    Armstrong    and    William    Robertson,    A.R.C.S., 
Leathersellers'  Company's  Research  Fellow. 

Camphor  apparently  is  still  a  substance  to  conjure  with  :  its  plastic 
behaviour  has  long  been  a  source  of  wonderment  and  remark — but 
even  now,  after  so  much  has  been  done  with  it,  although  its  structure 
may  be  regarded  as  finally  determined,  we  are  far  from  being  able  to 
explain  all  its  peculiarities.  Indeed  the  question  may  be  raised 
whether,  owing  to  the  superficial  character  of  the  reasoning  adopted,  a 
false  sense  of  confidence  in  the  certainty  of  the  conclusions  arrived  at, 
with  reference  to  transformations  which  are  seemingly  of  a  simple 
nature,  may  not  sometimes  have  been  established  :  in  this  and  not 
a  few  other  cases,  the  extent  to  which  assertion  has  passed  as 
argument  of  late  years  is  very  striking,  if  not  disturbing,  in  view  of 
the  obligation  we  are  under  as  scientific  workers  to  frame  proportion- 
ate and  balanced  judgments  {compare  Faraday,  "  On  Mental  Educa- 
tion," Experimental  Researches  in  Chemistry  and  PJiysics,  p.  463, 
London,  1859)  and  because  the  spirit  in  which  theoretical  problems 
are  discussed,  whether  broadly  or  narrowly,  is  of  most  serious  con- 
sequence to  the  progress  of  science.  The  cases  dealt  with  in  this 
communication  will  serve  to  illustrate  our  meaning  and  are  perhaps 
of  some  importance  as  affecting  broad  issues. 

Camphoo'quinone. — The  properties  of  camphorquinone  are  such  that 
it  is  difficult  to  accept  as  satisfactory  the  recognised  formula  of  this 
substance  whereby  it  is  represented  as  formed  directly  from  camphor 
by  the  mere  displacement  of  two  atoms  of  hydrogen  in  the  CHg  group 
contiguous  with  the  CO  group  : 

CH^— CH CH,  CH,— CH CO 

I    Me-C-Me     |  I    Me-C-Me     I      • 

CH,— CMe — CO  CH,— CMe— CO 
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If  the  quiuone  be  regarded  as  an  ortho-diketo  derivative  of 
hexamethylene,  inasmuch  as  para-diketohexamethylene  is  colourless,  it 
is  scarcely  to  be  expected  that  the  ortho  compound  would  be  intensely 
coloured ;  nor  should  colour  arise  from  the  co-operation  with  two 
contiguous  keto-groups  of  a  saturated  hydrocarbon  ring  system  such 
as  that  which  is  assumed  to  be  present  in  camphor.  Consequently,  it 
must  be  supposed  either  that  the  structure  of  camphoi^quinone  is  not 
yet  satisfactorily  determined  or  that  the  influence  exercised  by  the 
bridged  hydrocarbon  ring  is  peculiar — different,  on  the  one  hand,  from 
that  of  the  flaccid,  simple  hexamethylene  ring  and,  on  the  other,  from 
that  of  the  rigid  benzenoid  ring  of  ordinary  quinone.  From  either 
point  of  view,  the  attribute  colour  lends  particular  interest  to  camphor- 
quinone.  But  this  compound  has  other  special  properties  which  make 
it  a  test  material  of  peculiar  value  :  thus,  although  it  is  easily  acted 
upon  by  agents  which  aif ect  the  CO  group,  it  is  far  less  prone  to  undergo 
reduction  to  a  corresponding  quinol  and  therefore  a  far  less  powerful 
reducing  agent  than  are  the  ordinary  quinones  ;  and  being  an  optically 
active  as  well  as  a  coloured  substance,  changes  effected  in  the 
structure  of  its  molecule  can  be  followed  and  interpreted  with  the  aid 
of  the  polariscope  as  well  as  with  the  refractometer  and  spectroscope. 

It  may  therefore  be  anticipated  that  conclusions  arrived  at  with  the 
aid  of  camphorquinone,  controlled  by  the  three  modes  of  observation, 
will  prove  to  be  of  special  value  in  coiTelating  the  various  optical 
properties,  so  that  in  other  cases,  in  which  such  methods  of  examina- 
tion are  not  all  applicable,  it  will  be  possible  to  make  use  of  one  or 
two  only. 

Taking  physical  properties  into  account,  it  is  very  diSicult  to 
arrive  at  any  definite  conclusion  as  to  whether,  in  the  case  of  camphor 
itself,  the  peculiar  hydrocarbon  ring  has  a  special  influence  correspond- 
ing in  any  manner  with  that  exercised  by  the  benzene  ring.  According 
to  W.  H.  Perkin,  sen.  (Trans.,  1902,81,  292),  the  molecular  refractive 
powers  of  camphor  derivatives  containing  either  a  halogen  or  the 
nitro-group  fall  somewhat  below  the  calculated  values.  The  molecular 
refractive  power  of  camphor  itself,  however,  is  somewhat  above  (0'154) 
the  calculated  value ;  this  is  also  true  of  camphoryloxime. 

In  the  same  memoir,  in  discussing  the  magnetic  rotatory  powers  of 
saturated  ring  compounds  (pp.  292 — 307),  Perkin  points  out  that  the 
consequence  of  the  withdrawal  of  two  atoms  of  hydrogen  from  a 
paraflinoid  and  the  formation  of  a  polymethylene  ring  is  a  lowering 
of  the  magnetic  rotatory  power  of  varying  magnitude  in  different 
classes  of  compounds ;  and  that  when  the  operation  is  repeated  in  the 
formation  of  the  bridged  ring  there  is  a  further  similar  reduction. 
Whether  the  influence  of  the  ring  be  considerable  or  not,  judging 
from  the  available  evidence,  there  can  be  no  doubt  that  it  is  contrary 
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in  character  to  that  exerted  by  the  benzene  ring — negative  rather  than 
positive. 

A  model  of  camphorquinone,  constructed  on  the  assumption  that 
the  quinone  is  a  simple  derivative  of  camphor,  is  pictured  in  the 
figure  below ;  *  it  is  only  necessary  to  displace  the  upper  oxygen 
atom  in  the  model  by  two  atoms  of  hydrogen  to  obtain  that  of 
camphor.  On  contemplating  the  model  of  camphor,  it  is  obvious  that 
the  structure  of  this  compound  is  remarkable  in  no  slight  degree  ; 
it  may  well  be  supposed  that  such  a  molecule  will  offer  many 
peculiarities  and  that  a  system  so  constituted  is  bound  to  prove  more 
or  less  sensitive  to  deformation. 

But  the  evidence  is  difficult  to  interpret.     It  is  clear,  as  in  the  case 


of  benzene,  that  radicles  differently  situated  in  the  molecule  produce 
different  effects — as  is  shown,  for  example,  by  the  fact  that  a-  and 
/5-bromocamf)hor  differ  considerably  in  refractive  power. 

The  departure  from  constancy  in  optical  characters  observed  in 
the  case  of  benzenoid  derivatives  may,  as  one  of  us  has  elsewhere 
contended,    be   ascribed    both   to   alterations   in   the   elastic   centric 

*  While  correcting  this  paper,  I  have  received  from  Prof.  Bredt  a  copy  of  his 
Stuclie  ueber  die  rduviliche  Configuration  des  Kampliers,  d:c.,  aus  der  Festschrift  Adolf 
Wiillner  gewidmet  [B.  G.  Teubner,  Leipzig],  in  which  a  series  of  ilhistrations  of 
camphor  models  similar  to  ours  is  given.  Prof.  Bredt's  model,  Fig.  44,  p.  113, 
brings  out  in  a  striking  manner  the  approximation  of  wliat  is  supposed  to  be  the 
^-position  to  the  ketonic  group.— H.  E.  A. 
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system  and  to  a  "  co-operative  effect "  exercised  by  this  system  and 
the  substituent  in  conjunction  [Encyclopcedia  Britannica,  vol.  26, 
1902,  p.  746) ;  and  taking  Perkin's  values  on  magnetic  rotatory 
power,  it  would  seem  that  there  is  evidence  of  such  an  effect  being 
produced  in  camphor  :  apparently,  in  this  compound,  the  ring 
formation  influences  the  rotatory  power  only  to  the  extent  of  0'6, 
whilst  the  reduction  involved  in  the  formation  of  the  ring  in  the  case 
of  hydi'ocarbons  is  0'98.  It  may  be  supposed  that  an  alteration  takes 
place  either  in  the  ring  or  in  the  attached  oxygen  atom,  if  not  in 
both ;  or  that  a  co-operative  effect  is  exercised  by  the  two  acting  in 
conjunction. 

Perhaps  a  more  striking  difference  is  that  between  the  molecular 
refractive  powers  of  camphor  and  borneol,  the  latter  being  0*409 
below,  whilst  that  of  camphor  is  slightly  above  (0"154),  the  calculated 
value  :  this  points  to  the  oxygen  in  camphor  having  a  special  influence 
in  conjunction  with  the  ring  complex. 

Inasmuch  as  two  keto-groups  are  present  in  camphorquinone  in 
contiguity,  it  is  necessary  to  consider  the  effect  such  groups  may  have 
on  the  optical  character  of  the  substance.  The  material  available  for 
the  discussion  of  this  problem  is  collected  in  the  following  table. 


Molecular  Befractive  Powers  of  Ketonic  Compounds. 


Author.  Ketone. 

Nasini  and  Anderlini Diacetyl 

Briihl    

1,        Acetyl  propionyl 

Nasini  and  Anderlini Dipropionyl 

,,  ,,  Acetone  (d) 

Briihl     ...  Acetophenone 

Ej'kmann Beuzophenone 

Perkiu   Fluorenoue 

Anderlini  BenzU 

Nasini  and  Anderlini Quinone 

Perkin  Camphorquinone 


On  reference  to  the  table  it  will  be  seen  that  in  the  case  of  open- 
chain  compounds  such  as  diacetyl,  acetylpropionyl,  and  dipropionyl,  the 
values  found  are  in  practical  agreement  with  those  calculated,  showing 
that  no  special  influence  is  exercised  by  the  two  keto-groups  in  conti- 
guity. In  the  case  of  all  the  benzenoid  keto-compounds,  however, 
there  is  a  more  or  less  marked  difference,  the  values  found  being 
always  in  excess  of  those  calculated.  The  existence  of  a  "  co-opera- 
tive effect"  cannot  be  doubted. 

The  departure  from  theory  in  the  case  of  camphorquinone  is  no 
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greater  than  in  the  case  of  acetophenone.  Whether  the  difference 
should  be  attributed  to  a  change  in  the  structure  of  the  ring  during 
the  formation  of  the  quinone — in  consequence  of  which  it  exercises 
an  influence  comparable  with  that  of  the  benzenoid  radicle  in  aceto- 
phenone— or  whether  it  should  be  regarded  as  the  outcome  of  the  co- 
operative influence  of  the  merely  distorted  ring  and  the  two  quinonoid 
oxygen  atoms,  it  is  at  present  impossible  to  say ;  it  is  obvious  that 
"influences"  are  at  work  which,  although  apparent  as  colour, 
cannot  at  present  be  elucidated  in  any  definite  manner. 

Clear  evidence  that  molecular  "  distortion  "  or  "  condensation  "  is 
contributory  to  the  development  of  colour  is  afforded  by  compounds 
such  as  fluorenone  and  phenanthraquinone  in  comparison  with  benzo- 
phenone  and  dibenzoyl  (benzil). 

The  passage  either  from  the  colourless  benzophenone  to  the  deep- 
yellow-coloured  fluorenone  or  from  the  very  pale  (almost  colourless) 
benzil  to  the  deep-orange-coloured  phenanthraquinone,  may  well  be  sup- 
posed to  involve  an  alteration  in  the  oxygen  centres  as  well  as  in  the 
hydrocarbon  cycloid.  The  effect  being  produced  by  their  mutual  inter- 
ference, it  is  impossible  to  assign  to  each  of  these  influences  their 
resijective  parts,  to  determine  what  fraction  of  the  excess  of  refractive 
power  which  the  coloured  compounds  manifest  is  to  be  attributed  to 
the  one  or  the  other  of  the  co-operating  chromogenic  centres  ;  but  it 
appears  not  impi'obable  that  in  the  case  of  the  compounds  referred  to 
the  strain  is  introduced  and  devolved  upon  the  oxygen  through  the 
closure  of  the  hydrocarbon  i-ings,  whereas  in  the  case  of  camphor- 
quinone  the  strain  perhaps  arises  through  the  introduction  of  the 
second  oxygen  atom  into  camphor. 

A  number  of  experiments  made  in  variovis  directions  with  the  object 
of  gaining  further  insight  into  the  nature  of  camphorquinone  having 
led  to  no  positive  conclusion,  apart  from  serving  to  confirm  the 
assumption  that  the  ring  is  saturated,  the  investigation  was  extended 
to  the  phenylhydrazone  of  camphorquinone  in  the  hope  that  the  study 
of  derivatives  of  the  quinone  might  afford  useful  results.  Although 
this  did  not  prove  to  be  the  case,  information  has  been  gained  the 
discussion  of  which  is  of  general  and  even  wider  interest — as  throwing 
light  on  the  nature  of  the  isomeric  oximes  and  isomeric  hydrazones — 
than  the  mere  solution  of  the  problem  immediately  under  considera- 
tion would  have  been.  It  is  a  noteworthy  fact,  to  which  no  proper 
attention  has  been  paid  hitherto,  that  these  compounds  are  all 
colourless. 

Whatever  the  constitution  of  camphorquinone  may  be,  it  is  to  be 
assumed  that  the  substitution  of  an  equivalent  radicle  for  oxygen  in 
the  CO  group  should  not  lead  to  the  disappearance  of  colour  ;  it  there- 
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fore    follows   that   the   colourless    tsonitrosocamphors   and   camphor- 
quinonephenylhydrazones  cannot  be  "  normally  "  constituted. 

If  this  argument  be  correct,  they  are  wrongly  represented  by  the 
formulie  which  are  usually  assigned  to  them  : 

c:n-oh  ^  „   ^c:N-NHPh 


^8^i<c:o  ^«^^*<c:( 


In  point  of  fact,  the  only  compound  hitherto  described  which  may 
safely  be  regarded  as  an  immediate  derivative  of  camphorquinone  is 
the  yellow  "  benzoyl isonitrosocamphor  "  prepared  by  Forster.  Any 
such  conclusion  as  this  precludes  for  the  time  being  all  discussion  of 
the  Hantzsch- Werner  syn-anti-hypothesis  as  an  explanation  of  the 
structure  of  the  isomeric  t'sonitrosocamphors  and  hydrazones  and  in- 
ferentially  affects  the  application  of  this  explanation  to  the  oximes 
and  hydrazones  generally. 

Caraphorquinonephenylhydrazone  was  first  prepared  by  Betti  {Ber., 
1899,  32,  1995),  who  believed  that  two  forms  of  the  substance 
exist,  a  ketonic  and  an  enolic.  Lapworth  and  Hann  were  the  first  to 
observe  that  it  exhibits  the  phenomenon  of  mutarotation,  which  they 
attributed  to  its  undergoing  isomeric  change  in  solution  (Trans.,  1902, 
81,  1514).  Their  paper  is  mainly  a  thesis,  from  the  standpoint  of 
the  ionisation  hypothesis,  on  Briihl's  explanation  of  the  intercon- 
version  of  ketones  and  enols  ;  divested  of  mathematical  embroidery, 
however,  the  observations  only  show  that  the  attainment  of  equili- 
brium is  retarded  by  acids  and  promoted  by  bases. 

Theycame  to  the  conclusion  that  one  form  was  relatively  stable,  namely, 

that  which  Betti  had  described  as  melting  at  about  180°  ;  they  accepted 

C'NINPh 
Betti's  conclusion  that  this    was  the  pure  enol,  CgHi^-c^M      *  ; 

the  mixtui-es  of  lower  melting  point  obtained  when  the  material  is 
precipitated  from  alcohol  by  means  of  alkalis  or  by  keeping  the 
substances  of  high  melting  point  during  a  short  time  in  the  fused 
state  were  supposed  to  contain  the  relatively  unstable  isodynamic 
ketone. 

At  an  early  stage  in  the  inquiry,  camphorquinonephenylhydrazone 
was  made  the  subject  of  experiment  by  one  of  us  with  the  object  of 
applying  solubility  as  a  measure  of  the  extent  to  which  isomeric 
change  takes  place  in  solution,  using  the  method  developed  by  Lowry 
and  Robertson  in  our  laboi'atory  and  described  by  Lowry  in  a  recent 
communication  to  the  Society  (Trans.,  1904,  85,  1541).  The  results 
arrived  at,  which  are  dealt  with  in  a  separate  communication,  led  to 
the  conclusion  that  the  relatively  stable  form  is  present  in  the  equili- 
brated mixture  to  the  extent  of  fully  90  per  cent. 

We  were  much  struck,  in  the  course  of  this  work,  by  the  fact  that  the 
VOL.   LXXXVII.  4  Q 
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relatively  stable  form  of  the  hydrazone  was  colourless  when  pure  and 
that  the  mixture  of  lower  melting  point  was  but  slightly  yellow 
although  solutions  of  the  substance  were  deep  yellow  in  colour ;  the 
very  high  molecular  rotatory  power  of  the  hydrazone  (850°)  also 
appeared  remarkable  in  comparison  with  that  of  camphor  (61°)  and  of 
camphorquinone  (-188°),  especially  when  the  conclusion  was  arrived 
at  that  the  isodynamic  form  which  is  gradually  produced  in  solution 
is  optically  inactive  or  very  nearly  so.  The  conviction  was  thus  forced 
upon  us  that  the  formulae  adopted  by  Betti  and  by  Lapworth  and 
Hann  were  inadmissible  and  that  the  only  substance  which  could 
possibly  be  supposed  to  be  the  true  hydrazone,  containing  the  radicle 
CIN'NHPh,  was  the  yellow  substance  which  colours  the  solution, 
which  is  present  probably  only  in  very  small  proportion  in  the  solid 
equilibrated  mixture  of  lower  melting  point  above  referred  to. 

From  the  standpoint  of  colour  alone,  we  believe  this  conclusion  to 
be  indisputable,  but  it  is  confirmed  in  the  most  striking  manner  possible 
by  the  observation  that  the  stable  metameride  has  an  exceptionally 
high  molecular  rotatory  power. 

An  increase  in  optical  activity  may  arise  in  the  case  of  camphor 

derivatives  apparently  in  one  or  other  of  two  ways  :  on  the  one  hand, 

CCTT'Ph 
it  may  be  due,  as  in  the  case  of  benzylidenecamphor,  CsHj^<^  i  *  , 

to  the  conjoint  influence  of  an  ethenoid  linkage  and  of  a  benzenoid 
radicle,  which  together  produce  an  effect  on  the  polarised  beam  com- 
parable with  that  which  they  exert  in  refracting  rays  of  ordinary  light 
(compare  Armstrong,  "  Note  on  Optical  Properties  as  Indicative  of 
Structure,"  Proc,  1893,  9,  577);  on  the  other,  it  may  be  due  to  the 
introduction  of  a  new  asymmetric  system. 

We  do  not  believe  that  the  former  explanation  is  applicable  in  the 
present  case :  it  is  impossible  to  attribute  an  ethenoid  structure  to  the 
colourless  metameride,  and,  even  assuming  that  the  ethenoid  form  is 
possessed  of  a  high  optical  activity,  the  proportion  of  the  yellow 
metameride  in  solution,  in  our  opinion,  is  far  too  small  to  account  for 
the  high  value  observed. 

We  were  thus  led  to  consider  whether  the  relatively  stable  form  of 
camphorphenylhydrazone  may  not  be  represented  by  the  formula 

C  H  /"  I  ^Pli 

\c:o 

Obviously  two  stereoisomeric  forms  of  such  a  compound  are  possible 
produced  by  interchange  in  position  of  the  H  and  Ph  radicles  :  it  is  a 
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matter  of  interest  therefore  that  two  forms  of  the  hydrazone  are  pro- 
duced, although  in  very  different  proportions. 

In  the  hope  of  obtaining  true  ethenoid  hydrazones,  camphorquinone 
was  subjected  to  the  action  of  methylphenylhydrazine,  NHj-ISTMePh, 
and  benzylphenylhydrazine,  NH2*NBzPh.  In  both  cases,  homogeneous 
products  were  obtained,  which  did  not  exhibit  the  phenomenon  of 
mutarotation  in  solution ;  the  methyl  derivative  was  but  faintly 
yellow  in  colour,  the  benzyl  derivative  was  colourless.  Both  were 
possessed  of  extraordinarily  high  molecular  rotatory  powers,  that  of  the 
benzyl  compound  being  2200°,  whilst  that  of  the  methyl  compound 
was  2430°.  But  one  conclusion  was  possible — that  we  were  dealing 
with  practically  pure  "phanes"  (Proc,  1890,  6,  227),  not  with 
ethenoids. 

This  conclusion,  which  we  believe  to  be  incontrovertible,  involves 
the  important  admission  that  the  methyl  and  benzyl  radicles  wander 
from  one  nitrogen  atom  to  the  other. 

The  evidence  that  the  CIN-OH  and  the  CIN-NRg  groups  are 
equivalent  to  the  CO  group  as  chromogenic  centres  afforded  by  Miss 
Whiteley's  comprehensive  and  invaluable  observations  on  the  appeai'- 
ance  of  colour  in  the  oximes  (Trans.,  1903,83,  24)  and  by  McPherson's 
observations  on  benzoylphenylhydrazones  [Amer.  Chevi.  J.,  1899,  22, 
364)  is  so  complete  and  absolute  that  we  were  persuaded  that  true 
ethenoid  hydrazones  of  camphorquinone  would  be  highly  coloured  ; 
we  therefore  prepared  camphorquinonediphenylhydrazone  from  un- 
symmetrical  diphenylhydrazine  in  the  expectation  that  the  two 
phenyl  groups  would  not  be  liable  to  part  company  during  the  inter- 
action. In  this  we  were  not  disappointed,  as  the  product  proved  to 
be  as  highly  coloured  as  camphorquinone  itself;  moreover,  notwith- 
standing that  it  contains  two  phenyl  groups  next  the  ethenoid 
junction,  it  has  but  a  moderately  high  molecular  rotatory  power 
(420°),  thus  confirming  our  assumption  that  the  CilST  "  azethenoid  " 
junction  is  not  likely  to  exert  so  powerful  an  influence  as  the  C!C 
(ordinary  ethenoid)  junction. 

By  acting  on  fluorenone  with  diphenylhydrazine,  we  have  obtained 
a  hydrazone  which  is  dark  red  when  powdered  and  almost  black  in 
mass ;  the  oxime  of  fluorenone  is  almost  colourless.  The  oximes 
prepared  from  the  quinones  generally,  it  is  well  known,  are  colourless 
or  nearly  so  but  give  yellow  salts. 

Alloxan,  in  like  manner,  is  convertible  into  a  deep-yellow-coloured 
diphenylhydrazone.  This  observation  is  of  interest,  as,  although 
dimethylalloxan  is  pale  yellow  when  deprived  of  water,  ordinary 
alloxan  is  colourless,  being  hydrated  ;  in  other  words,  the  chromogenic 
functions  of  the  three  contiguous  CO  groups  are  intermitted  in 
consequence  of  the  conversion  of  one  of  them  into  the  achromogenic 

4  Q  2 
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complex  C(0H)2.  Violuric  acid,  which  is  commonly 
a  compound  containing  the  CIN-OH  group,  is  colourless  but  yields 
coloured  salts  ;  obviously  only  these  latter  can  possibly  be  derived 
from  the  "  azethenoid  "  compound. 

Passing  now  to  the  diazo-compounds,  which  cannot  logically  be  left 
out  of  consideration,  there  is  every  reason  to  suppose  that  in  their 
case  also  colour  may  afford  an  all-important  criterion  of  structure. 
Taking  as  test  substance  the  phenyldiazoethane,  Ph'N!N'Et, 
described  by  E.  Fischer  (Anncden,  1878,  194,  328  ;  Ber.,  1896, 29,  796), 
it  would  seem  that  the  yellow  colour  of  this  compound  is  conditioned 
by  the  presence  of  the  group  Ph*N!N  alone,  as  a  paraffinoid  radicle 
such  as  ethyl  is  not  known  to  be  operative  as  a  chromogenic  centre  in 
any  other  case.  Further  evidence  in  favour  of  this  view  is  to  be 
found  in  Thiele  and  Heuser's  memoir  on  hydrazine  derivatives  of 
isobutyric  acid  {Annalen,  1896,  290,  1).  If  this  conclusion  be 
accepted,  it  follows  that  all  compomids  of  the  form  Ph'N!NX  should 
he  coloured ;  and  consequently  that  only  coloured  diazo-compounds  can 
be  7-epresented  by  such  a  formula.  The  f ormuke  assigned  by  Hantzsch 
to  the  so-called  normal  and  isodiazotates  are  at  once  ruled  out  of  con- 
sideration by  this  argument,  as  both  these  classes  of  compounds  are 
colourless  (compare  Bamberger,  Ber.,  1896,  29,  461). 

In  confirmation  of  our  argument,  it  may  ^be  pointed  out  that 
Dobbie  and  Tinkler  have  concluded  from  their  observations  on  the 
absorptive  power  of  these  substances,  in  comparison  with  that  of 
phenylmethylnitrosamine,  that  the  nitrosamine  formula,  Ph'NK'NO, 
originall}'  assigned  by  Schraube  and  Schmidt  to  the  relatively  stable 
salt,  may  be  regarded  as  a  probable  representation  of  its  structure 
(this  vol.,  p.  277). 

To  arrive  at  a  satisfactory  expression  of  the  composition  of  the  very 
unstable  salt  is  more  difficult.  "We  may  at  once  point  out  that  it  has 
been  assumed  rather  than  proved  that  the  two  salts  are  isomeric  ; 
and  this  is  equally  true  of  the  sulphonates  and  the  cyanides  described 
by  Hantzsch.  The  primary  product  in  each  of  the  three  cases  is 
admitted  to  be  eminently  unstable,  so  that  its  isolation  in  a  state  in 
any  way  approaching  to  purity  is  practically  out  of  the  question  ;  any 
analytical  results  obtained  in  such  cases  can  have  but  a  limited  value. 
One  other  consideration  to  be  kept  in  mind  is  the  extraordinary 
instability  and  activity  of  the  primaiy  in  comparison  with  that  of  the 
final  products  and  with  that  of  azobenzene. 

Being  colourless,  the  diazo-salts  generally  cannot  be  formulated  as 
diazene    (-NIN-)    compounds    but    must   perforce    be    regarded    as 

diazonium  I    •-     j  derivatives,  this  being  the  only  alternative  expres- 
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sion  whicli  can  at  present  be  devised.  The  action  of  a  sulphite  may  be 
supposed  to  involve,  in  the  first  place,  the  formation  of  a  corresponding 
diazonium  sulphonate  (i)  ;  in  the  next  place,  of  a  compound  formed  by 
the  opening  out  of  the  diazonium  linkage  in  a  manner  coi-responding 
with  that  in  which  the  change  takes  place  from  an  acetylene  to  an 
ethenoid  linkage  (ii) ;  following  this  may  come  an  interchange  in  the 
position  of  the  negative  radicles  attached  to  the  two  nitrogen  atoms 
(iii)* ;  the  final  stage  being  that  in  which  the  stable  diazene-derivative 
is  formed  (iv)  : 

K-N-SOgK  -^  R-NH-SOgK  — >  R-NH{0H):N-S03K  -^ 

N  N-OH 

i,  ii.  iii. 

r-n:n-so3K 

iv. 

A  similar  series  of  changes  may  be  pictured  as  taking  place  when 
cyanide  is  used  in  place  of  sulphite.  The  assumption  that,  at  an  early 
stage  in  the  series  of  interactions,  the  diazonium  salt  and  sulphite  gave 
rise  to  an  ammonium  derivative  of  the  formula  R'NH(S03K).'N'0H 
would  apparently  serve  to  explain  the  deeper  colour  of  the  initial 
product,  such  a  compound  being  comparable  with  the  dark-cjloured 
salts  which  are  formed  from  the  azobenzeces  by  combination  with 
hydi^ogen  chloride  and  bromide  (compare  Hewitt,  Moore  and  Pitt, 
Ber.,  1898,  31,  2114).  It  should  not  be  forgotten  that  Spiegel  has 
shown  [Ber.,  1885,  18,  479)  that  azo-colouring  matters  generally 
combine  with  acid  sulphites,  forming  well-defined  compounds  which 
are  all  more  or  less  deeply  coloured. 

Alkali  may  also  be  supposed  to  give  rise  to  a  series  of  compounds, 
namely  (compare  Davidson  and  Hantzsch,  Ber.,  1898,  31,  1612), 

K-N-OH  R-NH-OH  R-N:N-0H 

N  ~^         N-OH        ~^ 

but  to  account  for  the  entire  disappearance  of  colour  it  must  be 
supposed  that  hydration  proceeds  a  stage  further,  conceivably  in  two 
directions  : 

R-N(OH)-NH(OH)     ^->     R-N:N-0H     <->     R-NH-N(0H).2 
It  is   unnecessary  to  dwell  on   the  fact  that  diazohydrates,  being 
dihydroxy-derivatives  of  hydrazine,  would  be  eminently  unstable,  active 
substances.     On  dehydration,  such  compounds  would  give  rise   to  the 
isodynamic  "  nitrosamines,"  t 

It  is  scarcely  necessary  to  point  out  that  this  change  may  take  pLice  in  a 
variety  of  ways. 

t  The  possible   presence   of  two   dihydroxy-derivatives— a  symmetrical   and  an 

unsymmetrical— in   the   solution   of  a  diazo-compound  may  serve  to  explain  the 
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O 
R-NH-N(0H)2  — >    R-NH-NO. 

The  tsodiazotates  may  be  regarded  as  derived  from  one  or  the  other 
of  these  :  the  decision  as  to  which  is  the  parent  compound  must  at 
least,  in  large  measure,  depend  on  the  decision  arrived  at  as  to  whether 
or  no  pure  nitrosamines  ai'e  coloured  substances. 

Although  hydrates  such  as  are  represented  by  the  formula 
R'NIN'OH  or  salts  derived  therefrom  are  not  known,  the  production, 
on  subjecting  the  diazotates  to  the  action  of  acetic  acid  (Bamberger, 
Ber.,  1896,  29,  457),  of  intensely  yellow  coloured  compounds  which 
must  be  regarded  as  their  anhydrides  is  clear  proof  that  they  have  an 
ephemeral  existence.  And  the  possible  existence  of  corresponding 
haloid  salts  may  be  regarded  as  proved  by  Hantzsch's  observation  that 
on  adding  di-iodobenzenediazonium  chloride  to  a  solution  of  potassium 
iodide,  the  iodide  is  obtained  in  the  form  of  a  blood-red  precipitate 
resembling  mercuric  iodide.  The  coloured  cuprous  double  salts  to 
which  Hantzsch  has  called  attention  may  also  be  regarded,  for  the  same 
reason,  as  diazene  derivatives  rather  than  as  syn-salts  {Ber.,  1895,  28, 
684,  1751) ;  *  indeed,  in  many  cases,  what  are  supposed  to  be  diazonium 
salts  are  probably  mixtures  containing  some  proportion  of  diazene  salt 
(R'NINX) :  hence  their  moi-e  or  less  marked  yellow  colour. 

Summarising  our  conclusions,  we  venture  to  maintain  that  the 
Hantzsch- Werner  hypothesis, t  besides  being  an  intangible  and  improb- 
able conception,  is  unnecessary  in  fact, 

diverse  behaviour  of  sucli  compounds  in  presence  of  alcohol  whereas  the  sym- 
metrical form  might  give  rise  to  a  phenol  derivative,  nitrogen  and  water,  the 
unsymmetrical  form  would  obviously  be  more  prone  to  act  as  an  oxidising  agent  and 
to  furnish  the  hydrocarbon  rather  than  the  phenol.  And  such  complexes  probably 
play  an  important  part  in  the  decompositions  which  take  place  on  exposure  of  the 
solutions  to  light — an  influence  long  overlooked  to  which  attention  has  been  recently 
drawn  by  Orton's  remarkable  observations  (Proc,  1905,  21,  168).  The  stability  of  the 
diazonium  salts  may  well  depend  on  the  extent  to  which  such  hydrolytio  changes 
take  place  in  solution.  Bearing  in  mind  the  tendency  of  ammonium  salts  to  dis- 
sociate when  heated,  it  may  be  supposed  that  a  rise  of  temperature  would  promote 
rather  than  depress  the  stability  of  compounds  such  as  the  tribromobenzenediazonium 
salts  ;  the  special  efficiency  of  light  in  such  a  case  would  consist  in  that  it  brings 
about  the  decomposition  at  a  relatively  low  temperature. 

*  One  of  the  most  striking  instances  of  the  appearance  of  the  colour  proper  to 
the  diazene  type  of  diazo -derivative  is  observed  on  "combining"  phenol  with 
benzenediazouium  parasulphonate  (from  sulphanilic  acid).  The  product  forms  brilliant, 
orange-red  crystals  resembling  azobenzene  in  appearance  ;  it  is  very  unstable,  being 
i-esolved  on  exposure  to  the  air  or  by  mere  washing  with  ether  into  phenol  and 
diazonium  salt. 

t  A  valuable  summary  of  the  arguments  in  favour  of  this  view  is  to  be  found  in 
A.  Werner's  Lehrbuch  der  Stereochemie.     Jena  :  Gustav  Fischer,  1904. 
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In  the  one  instance  in  which  we  should  be  almost  forced  to  adopt  a 
stereochemical  explanation,  that  of  the  homologues  of  azobenzene,  no 
evidence  is  forthcoming  of  the  existence  of  isomerides.  In  cases  in 
which  several  alternative  formulae  are  available  without  reference  to 
stereochemical  formulae,  whenever  a  positive  test  such  as  that  afforded 
by  colour  can  be  applied,  the  facts,  without  exception,  appear  to  be 
against  the  acceptance  of  space  formulae.  Thus,  in  the  case  of  the 
metallic  diazotates,  the  syn-anti-formulje  may  be  ruled  out  without 
hesitation  on  account  of  the  colourless  character  of  the  compounds. 
In  the  case  of  the  diazo-cyanides,  even  supposing  that  analytical  data 
are  eventually  forthcoming  which  prove  that  they  are  alike  in  com- 
position, the  so-called  syn-compounds  may  well  be  simple  equilibrated 
mixtures  of  diazonium  salt  with  the  stable  anti-compound.  And  in  the 
case  of  the  diazo-sulphonates,  there  is  not  only  reason  to  doubt  the 
identity  of  the  two  series  of  compounds  in  composition  but  clear 
indication  that  they  differ  essentially  in  type.  Should  Hantzsch  again 
assert,  as  he  has  already  asserted  {Ber.,  1899,  32,  3149),  in  reply 
to  Briihl,  that  he  is  opposed  in  principle  to  conclusions  based  on  optical 
evidence,  the  answer  must  be  :  that  the  argument  from  colour  cannot 
be  disregarded  any  longer ;  it  is,  in  fact,  already  one  of  the  most  abso- 
lute at  our  command,  one  to  which  real  attention  must  now  be  paid. 

It  has  always  been  difficult  to  attach  any  physical  meaning  to  the 
syn-anti-conception  and  to  resist  the  conclusion  that  it  was  based 
upon  a  false  use  of  the  principle  of  analogy.  And  although  it  is  not 
surprising  that  the  success  which  attended  van't  Hoff's  introduction 
of  space  conceptions  should  have  made  such  modes  of  treatment 
popular  and  fashionable,  it  should  not  be  forgotten  that  this  chemist's 
masterly  treatment  of  the  problem  of  isomerism  in  the  case  of  carbon 
compounds  rested  upon  a  firm  geometrical  basis  which  is  altogether 
lacking  in  the  case  of  nitrogen.  But  in  the  early  stages  of  the 
inquiry  into  the  nature  of  the  oximes,  when  the  similarity  in 
behaviour  of  the  isomerides  gave  rise  to  the  impression  that  structural 
peculiarities  could  not  be  the  cause  of  the  differences  observed,  chemists 
had  not  yet  been  led  to  take  the  existence  of  isodynamic  forms 
sufficiently  into  account ;  and  even  at  the  present  day  the  importance 
of  the  part  such  compounds  play  is  scarcely  appreciated. 

Compounds  containing  ethenoid  nitrogen  such  as  are  postulated  by 
the  hypothesis  under  discussion  appear  to  be  the  exception  rather  than 
the  rule.  Thus  of  the  four  camphordioximes — the  isolation  of  which 
has  been  regarded  as  a  brilliant  verification  of  the  hypothesis — not 
one  can  be  regarded  as  a  compound  of  the  formula  CgHj^^(CIN -011)2, 
since  they  are  not  only  colourless  but  form  colourless  solutions  in 
alkali.       For    similar    reasons,    isonitrosocamphor     cannot     be     an 
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"  azethenoid  "  compound  :  the  only  derivatives  of  this  type  at  present 
known  are  the  yellow  benzoyl  and  «i-nitrobenzoyl  derivatives  of  iso- 
nitrosocamphor  described  by  Forster  (Trans.,  1903,  83,  514).  Ap- 
parently, when  dissolved  in  alkali,  both  forms  of  isonitrosocamphor 
give  rise  to  an  azethenoid  salt,  as  the  solutions  are  yellow.  The  pale 
yellow  anhydride  described  by  Forster  is  probably  an  equilibrant  or  com- 
pensated mixture  of  a  coloured  with  a  colourless  metameric  compound. 
Much  further  study  will  be  required  to  determine  the  precise  nature 
of  many  of  the  compounds  described  as  oximes,  hydrazones,  and  diazo- 
derivatives  :  probably,  in  not  a  few  cases,  it  will  be  found  that  we  are 
dealing  with  mixtures  of  metameric,*  more  or  less  isodynamic  forms, 
and  that  the  methods  which  are  used  in  converting  one  form  into 
another  are  methods  which  make  it  possible  to  determine  the  equili- 
brium in  one  direction  or  the  other.  The  extent  to  which  the  one  or 
the  other  form  will  manifest  stability  must  depend  on  the  nature  of 
the  compound.     It  is  to  be  supposed  that  the  aldoximes  of  the  form 

NH 

E.'CH'^  '         are    mixtures    of    strictly    isodynamic    compounds    of 

opposite  optical  activity  and  that  the  isolation  of  the  active  com- 
ponents will  be  very  difficult,  if  not  impossible,  owing  to  the  readiness 
with  which  the  ring  is  broken  and  regenerated.  In  the  case  of 
unsymmetrical  compounds,  such  as  camphorquinone,  apparently  the  two 
forms  of  this  type  are  not  strictly  isodynamic  and  are  produced  in 
different  proportions — it  may  be  even  that  only  one  is  formed. 

Of  late  years,  it  has  been  customary  to  represent  many  of  the 
compounds  formed  by  the  action  of  diazobenzene  salts  as  hydrazone 
derivatives  which  formerly  were  considered  to  be  compounds  of  the 
azobenzene  type.  The  question  was  discussed  before  this  Society  in 
1887  by  Japp  and  Klingemann  (Trans.,  1888,  53,  519),  who  advocated 
the  thesis  that  the  so-called  benzene-azo-acetone  was  a  hydrazone  and 
that  a  similar  view  was  applicable  to  a  number  of  other  mixed  azo- 
compounds.  Victor  Meyer,  the  discoverer  of  the  "  nitrazoparaffins," 
also  became  a  convert  to  this  view  (compare  Bamberger,  ^er.,  1898,  31, 
2626).  But  there  can  be  little  doubt  that  the  conclusions  arrived  at 
were  premature  and  that  in  not  a  few  cases  they  will  require  recon- 
sideration in  the  light  of  the  argument  now  advanced,  in  view  of  the 
fact  that  many  of  the  supposed  hydrazones  are  described  as  more  or 

*  It  is  time  that  the  example  set  by  zoologists  were  followed  and  that  we  set 
some  store  by  priority  of  iuvention  :  the  term  metameric  was  originally  applied  by 
Berzelius  to  compounds  which  are  now  spoken  of  as  tautomeric,  and  has  the  merit  of 
being  significant  whilst  the  latter  is  not ;  it  also  has  a  more  general  meaning  than 
isodynamic  ;  in  fact,  metameric  compounds  vary  greatly  in  the  extent  to  Avhich  they 
are  isodynamic  (compare  Lowry,  "Report  on  Dynamic  Isomerism,"  British  Associa- 
tion Report,  Cambridge,  1904). 
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less  coloured  compounds.  The  interest  attaching  to  such  a  re- 
examination of  the  evidence  is  increased  by  the  circumstance  that 
mixed  azo-compounds  are  often  obtained  in  several  coloured  meta- 
meric  modifications  (compare  Bamberger  and  Schmidt :  "  Ueber  isomere 
Hydrazone,"  Ber.,  IdOl,  34,  2001).  For  example,  both  "nitroform- 
aldehydehydrazone  "  and  "  benzoylformaldehydehydx'azone  "  occur  in 
an  orange-red,  labile  form  and  in  a  more  stable  yellow  form.  The 
formulae  attributed  to  these  compounds  by  Bamberger  and  Schmidt, 
however,  are  the  formulse  of  colourless  compounds : 

^^^N^HPh  ^^^N.HPh 

It  is  not  improbable  that  whilst  the  yellow  compounds  are  simple 
diazene  derivatives,  namely  : 

■"s^^NINPh  ^2^^N:NPh 

the  orange  compounds,  in  part  ab  least,  are  acidic  diazenes  : 
-PTP^NO-OH  „p^C(OH)-Ph 

A  somewhat  more  intricate  case  is  afforded  by  the  compounds 
derived  from  nitromethylsalicylic  aldehyde  (Auwers  and  Boudy,  Be7\, 
1904,  37,  3915).  The  acetate  obtained  by  directly  acetylating  the 
hydrazone  with  acetic  anhydride  or  chloride  and  also  by  the  inter- 
action of  the  aldehyde  and  unsymmetrical  acetylphenylhydrazone  is 
colourless ;  the  hydrazone  itself,  however,  is  obtained  either  in 
sulphur-yellow  needles  or  in  the  form  of  orange-red,  hydrated  crystals  ; 
the  acetate  formed  by  acetylating  in  the  presence  of  pyridine,  in 
which  the  hydroxylic  hydrogen— not  that  attached  to  hydrogen — is 
displaced,  crystallises  from  benzene  and  ethylic  alcohol  in  two  forms,  a 
relatively  less  stable  yellow  form  and  a  relatively  more  stable  red 
form,  each  of  which,  on  recrystallisation  from  alcohol,  gives  a  mixture 
of  red  and  yellow  crystals.  The  red  form  is  obtained  alone  from 
solvents  such  as  acetic  acid,  chloroform,  and  ethylic  acetate. 

The  colourless  acetate  is  probably  the  hydrazone  proper  and  the  red 
acetate  may  be  the  corresponding  diazene ;  the  yellow  acetate  is 
perhaps  a  quinonoid  derivative  : 

OH  OAc  ?. 

Me|^\cH:N-NAcPh    Me^^CH2-N:NPh   Me^NiCH-NAcNHPh 

V  \/  ^^ 

NOg  NO2  NO2 

White.  Red.  Yellow. 

That  acetyl  should  wander  in  the  manner  indicated  does  not  appear 
improbable  in  view  of  the  fact,  to  which  Auwers  and  Boudy  have 
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called  special  attention,  that  acetyl  tends  to  pass  completely  from 
oxygen  to  nitrogen  in  such  compounds,  not  only  when  they  are  heated 
with  acetic  acid  but  also  when  they  are  heated  with  either  pyridine  or 
quinoline. 

Auwers  and  Boudy  have  pointed  out  that  in  the  cases  advanced  by 
Bamberger  and  Schmidt  the  red  compound  of  lower  melting  point  is 
the  more  labile,  whereas  the  opposite  is  true  of  the  compounds  prepared 
by  them  from  the  aldehydes.  If  the  view  taken  by  us  be  correct,  the 
azo-compound  is  in  all  cases  the  less  labile. 

Another  interesting  case  of  metameric  change,  which  has  not  yet 
attracted  the  attention  it  deserves,  is  furnished  by  Hewitt  and 
Mitchell's  recent  observations  on  the  nitration  of  substituted  azophenols 
(this  vol.,  225).  According  to  these  authors,  o-nitrobenzeneazo-o- 
nitrophenol  and  ^-nitrobenzeneazo-o-nitrophenol  have  the  properties  of 
derivatives  of  azobenzene.  But  they  describe  the  benzoyl  derivative 
of  m-nitrobenzeneazo-o-nitrophenol  as  nearly  colourless,  so  that  it 
cannot  possibly  be  a  derivative  of  azobenzene ;  it  is  more  probably  a 

derivative  of  a  "  quinonehydrazone,"  <^       /'N-^/     \/-. 


NO,    NBz\-/o,        . 

Moreover,  inasmuch  as  the  benzoate  of  the  para-nitro-compound  is 
described  as  being  scarlet  whilst  that  of  the  ortho-compound  is  yellow — 
which  is  a  reversal  of  the  common  order,  simple  ortho-compounds  being 
usually  more  highly  coloured  than  para — it  is  not  improbable  that  the 
latter  is  a  mixture  of  a  colourless  with  a  coloured  metameride ;  indeed, 
in  most  cases  it  will  be  necessary  to  consider  to  what  extent  the  sub- 
stances dealt  with  are  pure  compounds  or  merely  equilibrated  mixtures. 

Lastly,  one  other  case  may  be  referred  to,  in  which  the  appearance 
of  colour  casts  doubt  on  the  correctness  of  the  accepted  formulse.  The 
nitrolic  acids,  it  is  well  known,  are  practically  colourless,  which  is  in 
accord  with  the  view  that  they  are  simple  UST-OH  derivatives.  AVhen 
dissolved  in  alkali,  they  afford  intensely  red-coloured  solutions ;  it  can 
scarcely  be  doubted  that  a  change  takes  place  into  the  metameric 
nitroso-nitronic  acid ;  for  example, 

NO2  NO-OH 

Me-C  — >  Me-C 

N-OH  NO 

not,  as  Grant  and  Hantzsch  assume  {Be.r,,  1898,  31,  2860),  into   the 

compound  MeC-^-v^k       '^0,  which,  probably,  would  be  colourless. 

A  conclusion  of  some  interest  to  be  deduced  from  the  argument  put 
forward  in  this  paper  is  that  whilst  carbon  is  prone  to  form  ethenoid 
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(0!C)  compounds,  nitrogen  in  conjunction  with  carbon  has  no  such 
marked  tendency  ;  apparently  the  "  azethenoid  "  condition  (C!N)  is  a 
condition  of  instability.  The  preferred  forms  of  combination  seem  to 
be  those  in  which  three  atoms  foi'm  a  ring,  namely, 


NH  ,  ^,  ^NH 

NH 


C<  I  and  C<J 


It  is  even  probable  that  in  the  case  of  diazo-compounds,  in  which 
the  diazenoid  (NIN)  condition  is  sometimes  that  of  maximum  stability, 
there  is  a  tendency  to  form  compounds  of  a  similar  type,  containing 
the  group 

A  variety  of  changes  characteristic  of  nitrogen  compounds  involv- 
ing intramolecular  change  may  perhaps  be  more  satisfactorily 
explained  from  this  point  of  view  than  from  any  other  hitherto 
adopted.  The  observation  made  recently  by  Schesbakow  {Chem. 
Centr.,  1905,  1227)  that  urea  may  be  converted  into  hydrazine  by  the 
action  of  hypochlorite  is  of  great  importance  in  this  connection  ; 
evidently  the  stages  passed  through  are  as  follows  : 

CIHN-^^^      -^     HN>^^     -^       HN-CO.H     "^     H,N 

Hofmann's  process  of  converting  acid  amides  into  amines  by 
the  action  of  hypobromite  may  obviously  be  formulated  in  a  similar 


CHo  CH.  CH,  CH„ 

I     '  -->      i\  -->       I     '  -->       I      ' 

CO-NHBr  CO-NH  NH-COoH  NHg 

Such   an  explanation  would   at   once  account  for  the   formation  of 
nitriles  from  the  oximes. 

Although  it  may  be  that  the  process  of  change  is  of  this  nature 
in  some  cases,  the  explanation  certainly  does  not  hold  in  all.  It  is 
stated  by  Stieglitz,  who  has  recently  discussed  the  problem  in  a  brilliant 
essay  on  the  Beckmann  rearrangement  (Amer.  Chem.  J.,  1903,  29, 
49),  that  the  ^e?Y.-butylamide,  Me3C-CONH2,  yields  tertiary  butyl- 
amine  and  not  the  isoprimary  butylamine,  Me2HC-CH2-NH2,  which 
should  be  obtained  if  a  ring  were  formed  initially  by  withdrawal 
of  hydrogen  from  the  hydrocarbon  radicle.  And  there  is  clear  proof, 
in  other  instances,  that  the  NHo  g^'oup  simply  <' drops  into"  the 
position  occupied  by  the  CO-NHg  group  in  the  amine.  Stieglitz  has 
also  shown  that  acid  amides  formed  from  primary  amines  do  not 
undergo  change  into  corresponding  amines.     According  to  the  view 
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taken  by  this  chemist,  the  formation  of  compounds  of  "univalent  nitro- 
gen "  plays  an  important  part  in  causing  intramolecular  change  in  cases 
such  as  are  under  consideration  ;  for  example,  he  represents  the  con- 
version of  hydrazobenzene  into  benzidine  in  the  following  manner  ; 

Ph-NH-NH-Ph  -f-  HX  =  Ph-NI  +  XNH„Ph 


It  is  difficult  to  believe  that  the  compounds  represented  by  the  ex- 
pressions CgHj'N!  and  ICgH^INH  can  be  formed  under  the  conditions 
which  prevail  in  such  cases.  Bearing  in  mind  the  extreme  readiness 
with  which  cyanic  acid  and  alcohols  interact  and  with  which  the 
"  normal "  diazotates  are  converted  into  ethereal  salts  by  alcohols 
(Bamberger,  £er.,  1896,  29,  448),  it  appears  not  improbable  that  the 
transfer  of  carbon  to  nitrogen  does  sometimes  involve  the  hydrolysis  of 
the  molecule  and  the  subsequent  interaction  of  the  products  ;  thus,  the 
formation  of  amines  by  Hof mann's  method  may  be  accounted  for  by 
supposing  that  the  amide  is  first  resolved  into  alcohol  and  cyanate 
and  that  these  then  interact,  forming  a  cyanate  which  ultimately 
undergoes  hydrolysis  into  amine  and  carbonate. 

But  the  formation  of  semidines,  for  example,  cannot  well  be  ex- 
plained in  such  a  manner  and  may  almost  be  regarded  as  affording 
direct  proof  that  the  change  does  involve  "  carbon  nitrogen  con- 
densation." The  course  of  change  involved  in  the  production  of 
these  compounds  may  well  be  somewhat  as  indicated  in  the  following 
example  : 


H„  y—^  EtO 

NCi 

EtO 


EtO         nV     \oEt  /~\_NV"\0Et 


\_/        H  ^H 


H       .-. 

-N— ^      \OEt 
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The  formation  of  benzidines  from  hydrazobenzenes,  which  takes 
place  under  the  influence  of  acids  weaker  than  those  which  effect  the 
semidine  change,  may  be  supposed  to  follow  a  different  course  and  to 
involve  the  "  opening  outwards  "  of  the  para-centric  bands  at  an  early 
stage.     The  series  of  changes  may  be  somewhat  as  follows  : 


XH,N 


)HX 


HX/       V".. ....,/       \HX  -^  HX/         >^-^<:         >HX  -^ 


If  any  such  explanation  can  be  adopted,  it  would  seem  that  the  pro- 
portion in  which  semidines  are  formed  from  different  hydrazo-benzenes 
—  which,  as  Jacobson  has  shown  {Annalen,  1895,  287,  97),  is  subject 
to  great  variation — must  depend  (1)  on  the  strength  of  the  acid  used, 
(2)  on  the  nitrogen-basicity  of  the  hydrazo-compound,  (3)  on  the 
cycloid-basicity  of  the  hydrazo-compound ;  and,  if  so,  it  is  to  be 
expected  that  a  reduction  of  the  cycloid-basicity  will  favour  the  forma- 
tion of  semidines.  The  sensitiveness  of  the  benzene  nucleus  to  attack 
— the  existence  of  what  is  here  termed  cycloid-basicity — has  un- 
doubtedly been  underestimated  hitherto ;  but  the  discussion  of  this 
subject  belongs  to  another  chapter. 


Proiierties   of  ^' Hydrazones.^' 

"  Camphor quinonebenzylphenylhydrazoney — This  compound  is  pre- 
pared in  the  usual  way,  but  as  condensation  takes  place  slowly  it  is 
desirable  to  hasten  the  change  by  warming  the  solution  in  acetic  acid 
of  the  interacting  substances.  The  hydrazone  separates  as  an  oil  which 
solidifies  gradually  after  the  mother  liquor  has  been  poured  off  ;  if  a 
crystal  be  added,  solidification  takes  place  within  five  or  ten  minutes. 
On  crystallising  the  crude  product  fi-om  alcohol,  pale  yellow  needles 
are  obtained,  which  melt  at  117°,  remelting  at  the  same  temperature. 
On  recrystallisation  from  a  mixture  of  light  petroleum  and  benzene, 
the  hydrazone  is  obtained  in  snow-white  needles.     On  analysis  : 

0-1124  gave  0-3272  CO,  and  0-0748  HoO.     0  =  7939;  H  =  7-39. 
0-2256     „     16-0  c.c.  of"moist  nitrogen  at  12°  and  760  mm.  N  =  8-44. 
C23H0SON2  requires  0  =  79-77  ;  H  =  7-51 ;  N  =  8-09  per  cent. 
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A  determination  of  the  molecular  weight  was  made  by  the  freezing- 
point  method,  using  benzene  as  the  solvent  : 

0'1167  gi"am  dissolved  in  14"83  grams  of  benzene  depressed  the 
melting  point  0-110°. 

.-.  M  =  350-5;  M  calc.  =  346. 

The  hydrazone  dissolves  sparingly  in  petroleum,  moderately 
easily  in  alcohol,  easily  in  benzene  and  chloroform.  The  solubility 
in  petroleum,  boiling  at  60 — 80°,  was  0-49  gram  in  100  grams  of 
the  solvent ;  the  rotatory  power  of  this  solution,  a^  =  3°38',  did  not 
change  in  the  course  of  seven  days,  although  slight  decomposition  set 
in  after  the  fourth  day. 

On  submitting  a  specimen  of  the  substance  to  fi'actional  crystal- 
lisation from  benzene,  the  specific  rotatory  power  of  the  fraction  first 
separated  was[a]D  636°,  whilst  that  of  the  middle  fraction  was  633° 
and  that  of  the  residue  left  on  evaporation  of  the  solvent  634°.  On 
recrystallising  the  first  fraction,  stout  needles  were  obtained  which 
gave  the  value  636°,  which  may  be  taken  as  the  specific  rotatory 
power  of  the  purified  substance  in  benzene. 

All  the  hydrazones  examined  are  affected  by  light  ;  in  the  solid 
state,  the  compound  only  gradually  assumes  a  yellow  colour ;  in  solu- 
tion, the  change  takes  place  much  less  slowly.  A  yellowish 
solution  of  camphorquinonebenzylphenylhydrazone  in  benzene,  the 
rotatory  power  of  which  initially  was  [ajo  634°,  became  reddish- 
yellow  on  exposure  to  sunlight,  the  value  falling  to  599°  after  two 
and  to  590°  after  three  days.  A  similar  change  takes  place  in 
pyridine.  The  rotatory  power  of  a  specimen  of  the  solid  substance 
which  had  been  kept  for  six  months  was  [ajo  623°. 

To  compare  the  benzyl  derivative  with  the  parent  hydrazone,  the 
rotatory  power  of  a  0-5  per  cent,  solution  in  benzene  at  20°  was 
determined;  the  value  obtained  was  a^  +  6-20°,  whence  [a]D  =  633°. 
No  change  took  place  in  the  rotatory  power  of  this  solution.  A 
determination  in  pyridine  gave  [a]i,  672°. 

"  Cavi2}horquinonemethrjl2:>henylhydrazone." — The  remarks  made  as 
to  the  preparation  of  the  benzyl  compound  apply  to  this ;  the  product 
solidifies  very  slowly.  It  is  best  recrystallised  from  hot  petroleum, 
in  which  it  is  moderately  soluble ;  it  separates  in  very  pale  yellow 
crystals  which  melt  at  80°.  Attempts  to  prepare  this  compound 
in  a  colourless  condition  were  unsuccessful ;  although  the  crystals 
appear  white  in  the  yellow  solution,  on  drying  they  assume  a  yellow  tinge. 

0-1558  gave  04304  CO,  and  0-1134  HgO.     0  =  75-34  ;  H  =  809. 
0-3832     „     34-5  c.c.  of  moist  nitrogen  at  18°  and  744  mm.  N  =  10-32. 
C17H22ON2  requires  0  =  75-55;  H  =  8-15;  N=  10-37  per  cent. 
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A  series  of  determinations  of  the  "specific  rotatory  power  of  this 
substance  were  made  with  the  following  results  : 

"Weight  in  15  c.c.  Solvent. 

0-0700             Pyridine    9°  9'  980° 

0-0820             Chloroform   10°18'  942° 

0-0714  Carbon  disulphide   ...  8°35'  902° 

0-1287             Benzene     15°27'  900° 

0-0819             Ether    9°40'  886° 

0-0744             Alcohol 8°41'  877° 

Such  variations  in  the  values  obtained  in  different  solvents  are  in 
accordance  with  those  observed  in  other  cases. 

Camphorquinonediphenylhydrazone. — To  prepare  this  compound,  a 
solution  in  acetic  acid  of  molecular  proportions  of  diphenylhydrazine 
hydrochloride  and  of  camphorquinone,  together  with  some  fused 
sodium  acetate,  was  heated  during  a  few  minutes  over  the  naked  flame 
and  then  set  aside  overnight.  On  adding  water,  a  tar  was  obtained 
which  quickly  became  a  solid,  yellow  mass.  After  recrystallisation 
from  acetic  acid  and  alcohol,  the  hydrazone  is  obtained  in  beautiful, 
long,  yellow  plates  melting  at  140°, 

0-1782  gave  0-5181  CO2  and  0-1140  H2O.     C  =  79-29  ;  H  =  7-ll. 
0-1483     „     0-4312  CO2    „    00970  H,0.      C  =  79-31 ;  H  =  7-27. 
0-1993     „     14-7  c.c,  of  moist  nitrogen  at  15°  and  755  mm,  N  =  8-58. 
CggHg^ONg  requires  C  =  79-5  ;  H  =  7-2  ;  N  =  8-43  per  cent. 

The  hydrazone  is  moderately  soluble  in  glacial  acetic  acid  and  alcohol 
and  easily  in  benzene.  The  rotatory  power  of  a  solution  containing 
0-0770  gram  in  15  c.c,  of  this  last  solvent  was  aD  =  l°18',  whence 
[a]o  =  126-6°.     Four  days  later,  the  reading  was  +  1°18'. 


Fluor  enonedijihenylhydrazone,  I        CIN-NPh^. — This      hydr- 


azone when  powdered  is  a  deep-red-coloured  substance  :  in  the  crystal- 
line form  it  is  almost  black  ;  it  melts  at  149°,  is  very  sparingly  soluble 
in  alcohol  and  moderately  so  in  benzene. 

0-1830  gave  13-5  c.c.  of  moist  nitrogen  at  19°  and  755  mm.    ISr  =  8-42. 
CosH^gNg  requires  N  =  81  per  cent, 

Alloxandiphenylhydrazone,  C0<^^]^Q>C:N*NPh2.— On  mix- 
ing aqueous  solutions  of  alloxan  and  diphenylhydrazine  hydrochloride, 
the  liquid  at  once  becomes  red  and  deposits  the  hydrazone  as  a  bright 
yellow   powder,   very  sparingly   soluble  in  alcohol,  benzene,   ethylic 
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acetate  and  acetone,  moderately  in  hot  acetic  acid,  from  which  it 
separates  on  cooling  as  a  yellow  powder.  The  compound  may  be 
heated  to  270°  without  melting  but  decomposes  at  a  slightly  higher 
temperature. 

0-1916  gave  30-2  c.c.  of  dry  nitrogen  at  21°  and  761  mm.  N  =  18-40. 
C^gHjgOgN^  requires  N=18'18  per  cent. 

Refractive  and  Magnetic  Rotatory  Power  of  Camphorquinone,  Fluorene 
and  Fluorenone. 

The  following  data  have  been  most  kindly  placed  at  our  disposal  by 
Dr.  W.  II.  Perkin,  sen.,  who  has  examined  the  substances  at  our 
request. 

Campliorquinone. — A  solution  in  ethylene  chloride  was  prepared, 
containing  35-85  per  cent,  of  the  quinone,  corresponding  to  the 
formula  Q^^^fi.^.ZQ.fE.fX^. 

d  19-8°/19-8°=    M797. 

Refractive  Power :  ^^^^—— 2^    =  74-908. 

Camphor  calc.  74-20  found  74-354 

+  0       3-40  3-400 


77-60  77-754 

-2H    2-60  2-600 


75-00  75-154 


It  is  clear  from  this  result  that  the  refractive  power  of  camphor- 
quinone is  in  no  way  abnormal. 

Magnetic  Rotatory  Power : 

1.^  =  19-25°;       sp.  rot.  1-1635;        mol.  rot.     25-357 

3C2H4CI2     16-455 


•902 


11.^=19-8°;         sp.  rot.  1-1633  ;       mol.  rot.     25-364 

16-455 


8-909 


Camphor  (Trans.,  1902,  81,  310)     9-265 
Camphorquinone    8-909 


0-356 
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Comparing  this  result  with  the  differences  found  between  aldehydes 
or  ketones  and  corresponding  aldehydes,  for  example  : 

Octane 8-692  Hei)taue    7-669  Etliylbenzene   13-414 

Methyl  hexyl  ketone  8  509  (Euantlialdehyde  7-423  Acetophenone  12-597 


-0-183  -0-246  -0-817 

it  appears  that  camphorquinone  compared  with  camphor  takes  up  a 
position  intermediate  between  that  occupied  by  the  paraffinoid  and  the 
benzenoid  compound. 

Fluorene. — A  solution  in  benzene  (from  benzoic  acid)  was  used,  con- 
taining 21-012   per   cent,    of  the  hydrocarbon,   corresponding  to  the 


d  18-75718-75°  =  0-9196. 
Refract ive  Po wer :  ^°  ~   j)   =    98-251, 

The  calculated  value,  on  the  assumption  that  six  etiienoid  linkages 
are  present,  is  91-80.  The  double  linkage  of  the  two  phenyl  groups, 
directly  and  through  the  agency  of  the  CH^  group,  has  the  effect  of 
raising  the  refractive  power  to  a  remarkable  extent. 

Magnetic  Rotatory  Power  : 

I.  ^  =  18-82°;         sp.  rot.     2-4460;         mol.  rot.     116-74 


11.^=18-75°;         sp.  rot.     2-4438; 


8C,H, 

90-27 

mol,  rot. 

26-47 

116-634 
90-274 

26-36 


Fluorenone. — The  solution  used  contained  31-573  per  cent,  of  the 
ketone,  corresponding  to  the  formula  C\QHj,0,5CgHj.. 

d  18-5718-5°  =  0-9616. 

Refractive  Power :  '^^^^jo   =    100-219 
d 

Fluorene 98251 

-2H    2-6 


95-651 
+  0  3  4 


99-051 
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Magnetic  Rotatory  Power : 


I.  f  =  18-6° 


sp.   rot.    2-3178;     mol.   rot. 
5C,.H,. 


76-334 
56-420 

19-914 


11.  «  =  18-5°;     sp.  rot.    2-3153;     mol.  rot.     76-245 

56-420 


19-825 
Comparing  the  hydrocarbon  with  its  ketone  : 

Fluorene 26360 

Fluorenone  19  825 


6-535 


and  taking  into  account  the  differences  observed  in  more  or  less 
parallel  cases,  the  change  appears  to  involve  an  altogether  remarkable 
alteration  in  magnetic  properties  :  '^ 


Toluene   12 

Benzaldehyde  11 


Ethyl  benzene  13 
Acetoplieuone  12 


Propyl  benzene  14 

Ethyl  phenyl  ketone  16 


Diphenylmethane  ...  23 
Benzophenone 23 


845 
371 


•0-474 


Optical  Rotatory  Power  of  Derivatives  of  Camphor. 

The  optical  activity  of    camphorquinone   has   been    determined    ii 
various  solutions  with  the  followino;  results  : 


Solvent. 

Weight  in 
15  c.c. 

a"-«' 

[«]r 

[M]„ 

Chloroform    

0-2703 

-3°49' 

-105-4 

-175° 

Methylic  alcohol 

0-9493 

-  6°25' 

-    50-6 

-    84° 

Benzene 

0-0981 

-  r29' 

-113-2 

-188° 

The  camphorquinone  hydrazones  referred  to  in  this  communication 
are  all  more  active  optically  (when  dissolved  in  benzene)  than  is 
camphorquinone ;  thus  : 


Substance.  [M]u. 

Camphorquinone -  188° 

„         phenyl hydrazone,  less  labile  ...  850° 

„                    „                   more  labile  inactive. 

,,         diphenylhydrazone 420° 

„         benzylphenylhydrazone 2200° 

„         methylphenylhydrazone     2430° 


Colour, 
intense  yellow. 

colourless. 

deep  yellow. 

colourless. 

almost  colourless. 
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But  obviously  they  differ  in  a  very  striking  and  significant  manner 
in  respect  of  their  power  of  affecting  polarised  light.  The  diphenyl- 
hydrazone  is  not  far  removed  from  the  quinone  and,  being  coloured 
like  the   quinone,   may  be  regarded   without    hesitation    as  similarly 

constituted  in  accordance  with  the  formula  CgHj^<^  i "  ^.     The 

relatively  slight  increase  in  rotatory  power  is  such  as  it  might  be 
expected  would  be  produced  by  two  phenyl  groups  somewhat  remote 
from  the  optical  centime. 

The  phenylhydrazone  and  its  methyl  and  benzyl  derivatives,  however, 
must  be  regarded  as  compounds  altogether  different  in  structure  from 
the  diphenylhydrazone  on  account  of  their  colourless  character  and  of 
their  great  optical  activity. 

The  choice  of  formulae  being  further  limited  by  the  consideration 
that  a  *'diazene"  structure  would  involve  the  appearance  of  colour  of 
an  even  deeper  shade  than  that  conditioned  by  the  camphorquinonoid 
structure,  the  most  probable  formula  is  of  a  type  corresponding 
to  that  which  is  commonly  recognised  as  a  satisfactory  expression  in 
the  case  of  oximes  but  which  has  rarely  been  thought  of  hitherto  in 
connection  with  hydrazones,  namely,  a  formula  containing  the  group 

As  the  formation  of  a  compound  of  this  type  from  camphorquinone 
would  render  the  carbon  atom  of  the  ketonic  group  affected  asym- 
metric, such  a  formula  is  in  accord  with  the  high  optical  activity  of 
the  "  hydrazones  "  in  question.  It  is  important,  from  this  point  of 
view,  to  consider  the  relation  of  optical  activity  to  structure  in  the 
case  of  camphor  derivatives  of  known  structure. 

Frankland  and  Slator,  who  have  commented  on  the  rotatory  power 
of  certain  hydrazones  derived  from  tartramide  (Trans.,  1903,  83,  351), 
ai-e  inclined  to  correlate  the  high  rotatory  power  with  the  presence  of 
an  ethenoid  or  azethenoid  linkage,  following  Rupe.  In  drawing 
attention  to  the  influence  exercised  by  the  ethenoid  linkage,  this 
chemist  has  pointed  out  that  the  influence  is  the  greater  the  nearer 
the  linkage  lies  to  the  asymmetric  centre ;  moreover,  that  radicles 
such  as  phenyl  also  exercise  a  marked  influence  in  raising  rotatory 
power,  a  contention  which  is  probably  of  importance  in  the  cases  under 
consideration. 

The  nature  of  the  variation  in  rotatory  power  conditioned  by 
changes  in  composition  is  well  illustrated  in  the  following  table  of 
molecular  rotatory  powers  of  derivatives  of  camphor  : 


4  H  2 
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Metliyleiiecamphor, 
/CiCHo 

^«^"\G0       ^^^ 

Ethylidenecamphor, 

Camphor 63°  C,U,,<(f^^'^^'  201 

a-Bioniocam[)hor    321 


-CO 


21  Cinnamylidenecamplior, 


C:CH-CH:CHr„    ^^^     ,^, 


^.        „         „          44 

IT-        ,,         „          268                     "'«""\C0 

aa'-Dibiomocamphor 121  Benzylidenecamphor, 

Methylcamphoi- 46                                /CrCHPh 

Ethylcamphor 71                      C8H14O               1011 

Benzylcamphor  440  t^         i         t  1  1  nn.-, 

■^  '■  o-Bromobenzyhdenecampnor  902 

p.     ,,  ,,  ,,         1004 

o-Methoxybenzylidenecamphor  ...  1163 

m-    ,,  „  ,,  ...  1023 

2}-     ,,  „  ,,  ...  1260 

This  table  discloses  a  number  of  facts  of  interest.  In  the  first 
place,  it  is  to  be  noted  that  the  mono-derivatives  of  camphor  exist 
in  two  stereoisomeric  forms  (a  and  a')  and  that  one  of  these  (the  a') 
has  little  or  no  rotatory  power.  In  di-derivatives,  the  group  in  the 
one  position  to  some  extent  neutralises  that  in  the  other,  the  mole- 
cular rotatory  power  of  a- and  a'-bromocamphor  being  respectively  321° 
and  21°,  whilst  that  of  aa'-dibromocamphor  is  121°. 

The  very  high  rotatory  power  of  benzylidenecamphor  is  undoubtedly 
due  to  the  co-operative  effect  of  the  phenyl  group  acting  in  direct  con- 
junction with  the  ethenoid  linkage  and  in  immediate  proximity  to  the 
asymmetric  centre.  It  would  seem  that  the  separation  of  the  phenyl  in 
benzylcamphor  from  the  asymmetric  centre  by  the  CHg  interval 
suffices  to  throw  it  largely  out  of  action ;  a  somewhat  similar  explana- 
tion may  be  given  of  the  low  rotatory  power  of  cinnamylidenecamphor 
in  comparison  with  that  of  the  benzylidene  compound.  The  extent 
to  which  modifications  in  the  phenyl  radicle  affect  its  influence  is 
exemplified  in  an  interesting  manner  by  the  values  given  in  the  table 
for  several  derivatives  of  benzylidenecamphor. 

Applying  these  considerations  to  the  methyl-  and  benzyl-phenyl- 
"  hydrazone,"  the  two  compounds  may  be  formulated  with  some  degree 
of  probability  in  the  following  manner  : 

C<^Ph.  .C<W'^ 

CgH,  /  I      NMe„'  C,Hi  /  |      NBz,- 

[M]b  2430°  [M]b  2200° 

The  lower  rotatory  power  of  the  benzyl  compound  may  be  ascribed  to 
the  greater  opposing  influence  of  the  benzyl  group  in  the  a'-position. 

In  view  of  its  disproportionately  low  rotatory  power,  it  is  diflicult 
to  believe  that  the  phenylhydrazone  is  similar  in  structure  to  the 
methylated  and  benzylated  compounds.     Its  behaviour  is  that  of    a 
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single  substance  and  therefore  it  cannot  well  be  regarded  as  a  mixture 
of  stereoisomeric  forms  but,  as  will  be  shown  in  the  following 
communication,  when  dissolved  in  benzene  it  undergoes  isomeric 
change,  about  one-tenth  being  converted  into  a  metameride  having 
little  if  any  optical  activity,  which  may  well  be  a  derivative  of  the  same 
type  as  the  methyl-  and  benzyl-phenyl-hydrazones  but  belonging  to 
the  a-,  not  to  the  a-series,  namely, 

OsH,/rNPh.-. 

It  remains  to  devise  a  formula  for  the  original  hydrazone.  Bearing 
in  mind  the  readiness  with  which  the  enolisation  of  camphor  deriv- 
atives takes  place,  it  may  be  suggested  that  it  is  perhaps  a  compound 
such  as  is  represented  by  the  formula 


Y 


If  the  argument  which  is  now  advanced  be  correct,  the  differences 
in  rotatory  power  to  which  Frankland  and  Slator  have  called  attention 
in  the  case  of  the  derivatives  of  tartramide  are  of  greater  significance 
than  has  been  supposed. 

It  is  not  improbable  that  further  investigation  may  show  that  the 
compounds  are  not  all  constituted  so  simply  as  they  are  repi-esented  to 
be.  Indeed,  the  hydrazones  as  a  class  are  compounds  requiring  much 
further  study  *  and  this  is  equally  true  of  the  more  complex  osazones, 
which — to  judge  from  their  yellow  colour — are  certainly  in  some 
cases  "  diazene "  compounds  rather  than  simple  hydrazones.  The 
significance  of  rotatory  power  as  diagnostic  of  structure  is  clearly  a 
subject  which  is  deserving  of  greater  attention  than  it  has  received 
hitherto. 

Chemical  Department, 
City  and  Guilds  of  London  Institute, 
Central  Technical  College, 
South  Kensington. 

*  Cases  of  particular  interest  are  those  afforded  by  the  hydrazones  derived  from 
benzophenone  and  its  homohjgues  and  from  benzil :  whereas  the  diphenylhydrazones 
derived  from  these  ketones  are  all  coloured  yellow,  the  compounds  formed  by  means 
of  phenylliydrazine  are  colourless  ;  it  remains  to  be  decided  whether  this  difference 
be  due  to  difference  of  structure  or  to  the  greater  chromogenic  i^ower  of  the  Nl'hj 
residue  (compare  Overton,  Ber.,  1893,  83,  18). 
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CXXIX. — Solubility  as  a  Measure  of  the  Change  under- 
gone by  Isodynamic  Hydrazones :  (l)  Camphor- 
quinonephenylhydrazone,  (2)  Acetaldehydephenyl- 
hydrazone. 

By  William  Robertson,  A.R.C.S.,  Leathersellers'  Company's 
Research  Fellow. 

The  determination  of  initial  and  final  solubility  has  been  introduced 
by  Lowry  as  a  means  of  ascertaining  the  proportion  in  which  meta- 
merides  are  present  in  their  saturated  solutions.  The  method  has 
already  been  applied  in  the  chemical  laboratory  at  the  Central  Tech- 
nical College  (City  and  Guilds  of  London  Institute)  to  nitrocamphor  and 
its  (3-  and  7r-bromo-derivativos  (Lowry  and  Robertson,  Trans.,  1904, 
1541),  as  well  as  to  glucose  and  galactose  (Lowry,  ibid.,  1551).  In 
the  present  communication,  an  account  is  given  of  the  application  of 
the  method  to  the  study  of  changes  undergone  by  the  compounds 
named  in  the  above  title,  both  of  which  exist  in  solution  in  meta- 
meric  forms.  Camphorquinonephenylhydrazone  is  peculiarly  suitable 
for  examination  in  this  manner,  as  it  undergoes  isomeric  change  at  an 
easily  measured  rate  in  non-oxygenated  solvents  in  which  it  is  only 
sparingly  soluble  ;  it  is  therefore  possible  to  study  the  process  of 
equilibration  by  means  of  optical  observations  as  well  as  by  determining 
the  change  in  solubility. 

Cam2yhoTquinonephenyl]iydrazone. 

The  melting  point  of  the  relatively  stable  form  of  this  substance, 
accox'ding  to  Claisen  and  Manasse,  by  whom  it  was  first  prepared,  is 
170 — 171°;  Betti,  and  Lapworthand  Hann  agree  in  placing  it  at  about 
180°;  Forster,  however,  has  recorded  a  value  as  high  as  190°  My 
own  experience  is  that  the  substance  melts  at  about  "180°  when 
ordinary  care  is  taken  in  its  purification  and  in  determining  the  melting 
point.  The  substance  melting  at  155°,  which  he  obtained  by  crystal- 
lising the  hydrazone  from  benzene  containing  pyridine,  was  supposed 
by  Betti  to  be  a  second  form  ;  there  is  every  reason,  however,  to 
suppose  that  it  is  only  a  mixture  of  isomerides.  If  the  hydrazone  be 
recrystallised  quickly  from  hot  benzene,  the  product  always  has  a  low 
but  varying  melting  point  (165 — 168°). 

Usually  the  hydrazone  has  a  pale  yellow  colour  but  it  is  very 
sensitive  to  light  in  solution,  darkening  on  exposure.  Some  of  the 
pale  yellow  substance,  which  had  been  kept  under  benzene  during 
several  days,  was  all  but  white ;  on  drying  this  sample  it  became  vei*y 
pale  yellow. 


I 


I 
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I.  Determination  of  the  Amount  of  Change  from  Initial  and  Final 
Solubility. — In  determining  the  solubility  of  the  hydrazone  in  benzene, 
anomalous  results  were  obtained  until  it  was  realised  that  it  was 
necessary  to  use  highly  purified  solvents.  Acting  on  Dr.  Lapworth's 
advice,  Kahlbaum's  "pure  benzene"  was  further  purified  by  shaking 
the  liquid  with  concentrated  sulphuric  acid  until  the  acid  was  no 
longer  coloured  by  contact  with  the  hydrocarbon ;  after  the  benzene 
h:\d  been  well  washed  and  then  dried  by  means  of  phosphoric 
anhydride  it  was  distilled. 

The  experiments  were  carried  out  in  the  manner  previously  described 
(loc.  cit.,  p.  1552),  To  ascertain  the  amount  in  solution,  as  the  liquid 
could  not  be  measured  with  accuracy,  portions  of  about  5  c.c.  were 
run  into  weighing  bottles  and  weighed  ;  the  solvent  was  then  i-emoved 
by  evaporation  at  a  low  temperature  on  the  top  of  a  water  oven.  The 
temperature  of  the  bath  in  which  the  saturated  solutions  were  prepared 
did  not  vary  more  than  ±0-03°  during  the  detei-minations.  The  values 
obtaiced  at  20^^  were  as  follows  : 

Sohibilityin  j^^llog^^^-Z^o.* 

Time.  100  grams  of  benzene.                 t    "  Sqo  -^ 

0  0-59                                      — 

30  mimites  0-595                               0-00095 

60       ,,  0-602                               0-00119 

186        ,,  0-620                                 0-00111 

360        ,,  0-635                                 0-00102 

570       ,,  0-642                               0-00079 

1440       ,,  0-666                               0-00105 

30  hours  0-688 

50      ,,  0-88 

75     ,,  1-17 

98-5,,  2-21 

150-5  ,,  6-63 

*  Lowry  and  Robertson,  loc.  cit. 

The  colour  of  the  liquid  changed  from  yellow  to  red  about  27  hours 
after  commencing  the  experiment ;  it  is  obvious  from  the  considei'able 
increase  in  solubility  at  this  stage  that  decomposition  began  to  set  in 
at  about  that  time. 

Another  expei-iment  gave  : 

Solubility  in  100  grams 
of  benzene. 

30  minutes    0-60 

60         „         0-614 

480         „  0-635 

1470         „         0-668 

Taking  as  the  final  solubility  the  value  0669  obtained  in  an  experi- 
ment in  which  the  establishment  of  equilibrium  was  hastened  by 
adding  piperidine,  as  the  change  in  solubility  is  in  the  ratio  of 
59  :  67  =  89  :  100,  it  is  to  be  supposed  that  about  10  per  cent,  of  the 
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material  undergoes  isomeric  change ;  in  other  words,  that  when 
equilibrium  is  established,  the  solution  contains  about  90  per  cent,  of 
the  relatively  stable  form  of  the  hydrazone. 

II.  Determination  of  Amount  of  Change  from  Initial  and  Final 
Rotatory  Power. — Considerable  difficulty  was  experienced  in  making 
the  determination  on  account  of  the  readiness  with  which  decomposi- 
tion took  place,  as  indicated  by  the  change  in  colour  of  the  solution 
from  yellow  to  deep  red ;  in  one  case  this  change  occurred  within  an 
hour  in  a  solution  which  had  been  under  examination  during  20 
houi-s  previously  ;  in  others,  after  keeping  the  solution  only  8 — ^10 
hours  in  the  polarimeter  tube.  Alkaline  matter  derived  from  the 
glass  of  the  polarimeter  tube  is  probably,  at  least  in  some  degi^ee,  the 
cause  of  change. 

The  equilibrium  point  was  determined  with  the  aid  of  piperidine. 
The  rotatory  power  of  a  saturated  solution  in  benzene  was  initially 
3°26' ;  on  adding  a  small  drop  of  piperidine  the  value  fell  rapidly  to 
3°7',  showing  that  the  new  form  produced  in  solution  has  a  lower 
rotatory  power  than  the  substance  taken  originally.  A  similar  value 
was  obtained  in  several  other  experiments.  To  determine  the  rotatory 
power  of  the  equilibrated  mixture  present  finally  when  the  solution  is 
saturated  in  presence  of  the  less  labile  form,  a  solution  was  prepared 
by  stirring  the  hydrazone  with  a  iV^/250  solution  of  piperidine  in 
benzene,  the  rotatory  power  being  determined  from  time  to  time. 

The  results  obtained  in  one  experiment  were  as  follows  : 

Time.  Bd. 

1  hour  , 3°9' 

3     „  3°12' 

6     „  3°12' 

24     „  3°27' 

27     „  3°27' 

The  solubility  had,  therefore,  increased  '\\\  the  proportion 

187':  206' =  90-8: 100; 

a  result  in  close  agreement  with  that  previously  arrived  at  by  the 
direct  determination  of  solubility. 

The  fact  that  the  satui-ated  equilibrated  solution  has  ultimately  the 
rotatory  power  of  a  solution  merely  saturated  with  the  one  form 
necessitates  the  conclusion  that  the  labile  form  present  in  solution  has 
practically  no  rotatory  power — a  conclusion  of  considerable  theoretical 
importance  as  pointed  out  in  the  previous  communication. 
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Acetaldeliydeplienylhydrazone. 

Emil  Fischer,  who  first  prepcared  this  hydrazone,  obtained  two 
modifications,  an  a-form,  melting  at  98 — 101°,  and  a  ^-form,  melting 
at  63 — 65°.  These  are  to  be  regarded  as  isodynamic  under  ordinary 
conditions,  as  when  recrystallised  both  are  apt  to  give  a  product 
melting  at  about  80°,  which  is  probably  an  equilibrated  mixture  cor- 
responding to  that  formed  from  the  two  modifications  of  glucose.  The 
hydrazone  is  isomeric  with  phenylazoethane  ("  phenylethyldiazene  "), 
Ph'N!N*Et,  from  which  it  may  be  obtained  by  the  action  either 
of  sulphuric  acid  (E.  Fischer,  ^er.,  1895,  29,  793)  or  of  sodium 
ethoxide  (Bamberger  and  Pensel,  Ber.^  1903,  36,  56);  it  remains, 
however,  to  be  ascertained  whether,  as  is  probable,  the  hydrazone  and 
the  diazene  ai'e  isodynamic  in  presence  of  these  agents. 

There  can  be  little  doubt  that  crystallisation  is  an  ineffectital  means 
of  preparing  the  a-form  alone.  On  continually  stii^ring  a  mixture  of 
the  finely  powdered  solid  with  methyl  alcohol  and  testing  the  melting 
point  of  the  undissolved  substance  at  intervals,  it  was  found  that  the 
melting  point  was  gradually  raised  to  103 — 104°,  at  which  point  it 
remained  constant.  Such  a  product  is  quite  stable  in  the  dry  state 
and  is  probably  the  "  pure  "  substance,  as  it  may  be  recrystallised 
unchanged  from  alcohol  if  only  care  be  taken  to  avoid  heating  during 
more  than  a  brief  period,  whereas  a  product  of  slightly  lower  melting 
point,  which  it  may  be  presumed  contains  some  slight  amount  of 
impurity,  has  its  melting  point  still  further  reduced  on  recrystallisa- 
tion  from  alcohol.  In  this,  as  in  other  similar  cases,  minute  quantities 
of  impurity  present  either  in  the  substance  or  in  the  solvent  un- 
doubtedly play  an  important  part  in  determining  the  occurrence  of 
isomeric  change.  But  whereas  in  the  case  of  camphorquinonehydrazone 
alkaline  agents  promote  the  isomeric  change,  in  the  case  of  the  acet- 
aldehydehydi-azone  small  quantities  of  alkali  appear  to  have  no  action. 
Thus  the  solubility  at  20°  in  a  iV/1000  solution  of  sodium  methoxide  in 
methyl  alcohol  was  found  to  be  2-28  at  the  end  of  24  hours,  whilst 
in  methyl  alcohol  alone  at  the  end  of  24  hours  it  was  2-23.  Using 
the  highly  purified  substance  (m.  p.  104°),  successive  determinations 
of  the  solubility  at  20°  in  a  ^/lOOO  solution  of  sodium  methoxide  gave 
the  values  2-15,  2-18,  2-18,  2-19  grams  in  100  grams  of  the  solvent  ; 
using  the  original  material  purified  merely  by  washing  with  methyl 
alcohol  (m.  p.  101 — 102°),  the  value  obtained  was  2-36. 

The  conversion  of  the  a-  into  the  ^-form  was  effected  by  Emil 
Fischer  by  distilling  the  former  under  reduced  pressure.  If  an 
alcoholic  solution  of  the  highly  purified  a-compound — from  which  this 
substance  would  crystallise  unchanged  if,   in   preparing  it,  the  liquid 
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had  been  warmed  only  during  a  brief  period — be  heated  on  the  water- 
bath  during  ten  minutes,  crystals  are  deposited  melting  at  about  90°  ; 
on  keeping  such  a  solution,  the  solubility  of  the  substance  increases 
somewhat  rapidly,  so  that  the  ^-form  is  evidently  far  more  soluble 
than  the  a-form.  The  highest  value  found  at  the  end  of  28  hours  was 
21*6  ;  slight  decomposition  then  became  apparent. 

Assuming  this  value  to  be  estabKshed,*  the  increase  in  solubility 
may  be  regarded  as  proof  that  the  a-  and  /3-forms  are  present  in  the 
equilibrated  solution  in  the  proportion  of  about  one  of  the  former  to 
ten  of  the  latter  (2-18  :  21-6).  Moreover,  the  order  of  stability  in  the 
solid  state  is  the  reverse  of  that  in  the  dissolved  state.  The  theoretical 
importance  of  such  a  result  will  be  obvious  in  view  of  the  arguments 
used  in  the  previous  communication. 

Chemical  Department, 
City  and  Guilds  of  London  Institute, 
Central  Technical  College. 


CXXX. —  The  ArijUulijhonyl-^-diazoimidcs. 

By  Gilbert  Thomas  Morgan  and  Frances  Mary  Gore  Micklethwait. 

Tee  results  recorded  in  this  paper  form  a  continuation  of  the  in- 
vestigation described  in  two  recent  communications  (this  vol., 
pp.  74  and  921)  bearing  on  the  action  of  nitrous  acid  on  substituted 
aromatic  diamines  containing  one  acyl  group  attached  to  an  aminic 
nitrogen.  In  the  case  of  the  para-diamines  containing  one  aryl- 
sulphonyl  group,  this  research  has  resulted  in  the  discovery  of  a  new 
type  of  diazoanhydride — the  arylsulphonyl-^>diazoimides — seven 
examples  of  which  have  already  been  described  {loc.  cit.). 

With  the  object  of  obtaining  further  information  on  the  properties 
of  this  group  of  substances,  the  ^j-diazoimide  derived  from  toluene-jo- 
sulphonyl-;:»-phenylenediamine  has  been  studied  in  detail,  this  diazo- 
derivative,  which  is  readily  obtained  in  quantity,  being  one  of  the 
most  stable  members  of  the  series.  Its  ?»-xylene  homologue  has  also 
been  prepared,  and,  moreover,  the  general  character  of  the  reaction 
occurring  between  the  arylsulphonyl-^j-diamines  and  nitrous  acid  has 
now  been  further  exemplified  by  the  production  of  a  complex  bis- 
diazoimide  obtained  from  benzene-l  :  'idisulphoni/lbis-p-jyhent/lenediamine. 

*  Difficulties  have  been  encountered  in  continuing  the  determinations  during  the 
liot  weather  ;  the  investigation  will  be  continued  in  the  autumn  and  extended  to 
other  compounds. 
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Tohiene-]i-suljjhonijl-ji-n{troaniline,l>*02'C^Ti_^''NBL'^0.2'CQR^-CH^,-was 
obtained  by  heating  7>nitroaniline  (2  mols.)  with  toluene-/>-sulphonic 
chloride  (1  mol.)  in  toluene  solution  and  extracting  the  product  in  the 
manner  already  described  in  the  earlier  communications  (loc.  cit.). 
The  condensation  may  also  be  effected  in  pyridine,  in  which  case 
moleculir  proportions  of  the  two  reagents  are  employed. 

The  compound  crystallised  from  alcohol  in  pale  amber-coloured 
prisms  and  from  benzene  in  stellate  clusters  of  coloux-less  needles  ;  it 
melted  at  189—190°. 

0-3712  gave  SIT  c.c.  nitrogen  at  22°  and  762  mm.     N  =  9-70. 
C^gHjgO^X^S  requires  ]S'  =  9'58  per  cent. 

It  has  recently  come  under  the  authors'  notice  that  the  Aktien- 
Gesellschaft  f iir  Anilin-Fabrikation  have  also  prepared  this  compound 
and  give  its  melting  point  as  1^1°  [Brev.  Franr^.  349566  of  April  2, 
1904,  and  D.R.-P.  157859).  These  patents  contain  a  description  of 
an  interesting  general  method  of  preparing  the  para-nitrated  sulphonyl 
derivatives  by  nitrating  the  arylsulphonamides  with  nitric  acid  of 
moderate  strength. 

Toluene-\>sul2)ho7iyl--p-phenylened{amine, 

was  readily  prepared  from  the  pi'eceding  compound  by  reduction  with 
iron  filings  and  dilute  acetic  acid  ;  it  crystallised  from  dilute  alcohol  in 
coloiu'less,  prismatic  needles  melting  at  185 — 186°, 

0-2154  gave  20-5  c.c.  nitrogen  at  22°  and  761  mm.     N=  10-80. 
CjjHj^OgX^S  requires  1^  =  10-68  per  cent. 

This  compound  is  referred  to  in  another  of  the  Aktien-Gesellschaft's 
patents  {D.R.-P.  160710). 

Toluene-'p-sidphonijl--p-2)heni/lenediazoi7Jiide, 


This  cyclic  diazoimide  was  obtained  by  diazotising  the  foregoing 
diamine  in  hydrochloric  acid  and  filtering  the  solution  into  cold 
aqueous  sodium  acetate ;  it  separated  in  bright  yellow  needles  which 
turned  brown  on  exposure  to  light. 

0-2072  gave  28  c.c.  nitrogen  at  22°  and  761  mm.     N'  =  15-34. 
0-2624     „     0-2189  BaSO,.     S=  11-45. 

CjgHi^OgNgS  requires  N  =  15-38  ;  S  =  11-71  per  cent. 
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Frope7-ties    and    Reactions    of    a    Tyjjical    Arylsuljyhonyl--^- 
diazoimide. 

1.  Molecular  Complexity. — The  determination  of  the  molecular 
weight  of  tolnene-|?-sulphonyl-jfj-phenylenecliazoimide  was  a  matter  of 
some  considerable  difficulty  owing  to  its  sparing  solubility  in  inert 
solvents.  The  compound  was  found  to  dissolve  fairly  readily  in 
^>toluidine,  but  freezing-point  determinations  showed  that  combination 
with  the  solvent  had  occurred.  Finally  the  determination  was  made 
by  the  cryoscopic  method  in  naphthalene,  in  which  solvent,  however, 
the  diazoimide  was  only  very  sparingly  soluble. 

0-0605  in  33-0  naphthalene  gave  M  -  0-045°.     M.  W.  =  285-2. 
0-0957  „  36-6  „  „    A«- 0-061°.     M.W.  =  300-1. 

CigH^OgNaS  requires  M.  W.  =  273-0. 

These  data  furnish  additional  evidence  that  the  condensation  which 
leads  to  the  formation  of  these  diazoimides  is  intramolecular  and  not 
due  to  the  interaction  of  two  or  more  molecules  of  the  diazonium 
acetate,  RSO./NH-C^H4-N2-C2H302. 

2.  Disruption  of  the  -^-Diazoimido-complex. 

if)  With  Acids. — Toluene-^:)-sulphonyl-;j-phenylenediazoimide  is  readily 
attacked  by  mineral  acids  yielding  the  corresponding  diazonium  salts ; 
when  treated  with  cold  concentrated  hydrochloric  acid,  it  dissolves 
immediately  to  a  clear  light  brown  solution  from  which  the  diazonium 
chloride,  CHg'CfiH^'SOg-NH'CgH^'NgCl,  slowly  separates  in  well- 
defined,  colourless,  highly  refractive  prismatic  crystals. 

Even  when  the  diazoimide  is  dissolved  in  glacial  acetic  acid,  fission 
of  the  diazoimido-complex  occurs,  and  the  clear  solution  when  poured  into 
cold  water  does  not  immediately  regenerate  the  anhydride  ;  the  deposi- 
tion of  this  substance  is,  however,  accelerated  by  the  addition  of 
sodium  acetate.  The  following  reaction  appears  therefore  to  be 
reversible  : 

the  direction  of  the  change  depending  on  the  concentration  of  the 
acetic  acid. 

(ii)  With  Fhenols.—Yt  was  found  that  the  diazoimide  could  be  dis- 
solved in  hot  pyridine  without  appreciable  decomposition,  the  greater 
part  of  the  substance  separating  as  a  fine  yellow  powder  on  cooling 
the  solution.  One  gram  of  the  diazoimide  and  0-75  gram  of 
;8-naphthol  dissolved  in  dry  pyridine  (50  c.c.)  were  heated  for  two  hours, 
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the  solvent  then  evaporated  off,  and  the  crystalline  residue  extracted 
with  aqueous  caustic  soda  to  remove  unaltered  /3-naplitliol.  The 
residue,  which  now  consisted  of  the  sodium  salt  of  the  azo-/?-naphthol 
derivative,  was  decomposed  with  dilute  acetic  acid  and  crystallised 
from  the  glacial  acid,  when  it  separated  in  lustrous  red  needles  which, 
when  recrystallised,  retained  this  deep  red  colour  and  melted  at  220°. 

0-2192  gave  19-8  c.c.  nitrogen  at  24°  and  765  mm.     N  =  1020. 
OogH^gOgNgS  requires  ISr=  10-07  per  cent. 

A  similar  reaction  appeared  to  take  place  with  resorcinol,  but  the 
product,  although  having  the  appearance  and  properties  of  an  azo- 
derivative,  was  not  obtained  crystalline. 

These  results  indicate  that  the  p-diazoimido-complex  undergoes  dis- 
ruption under  the  influence  of  a  phenol,  combination  taking  place 
additively  in  accordance  with  the  following  equation  : 


^^^^<ii^^ t....^:yio"*3^^    ^    ^«^4<^N2'CjoHo-^H 

Toluene--^-sulphonylaminobenzeneazo-(i-naphthol  was,  for  purposes  of 
comparison,  prepared  by  diazotising  toluene-/;  sulphonyl-/>-phenylene- 
diamine  and  condensing  the  diazonium  salt  directly  with  alkaline 
^-naphthol.  After  decomposing  the  intermediate  alkali  derivative 
with  acetic  acid,  the  free  azo-/3-naphthol  was  crystallised  from  glacial 
acetic  acid,  when  it  separated  in  dark  green  needles  having  a  metallic 
lustre  ;  the  crystals  retained  this  appearance  on  repeated  crystallisation. 
Although  the  two  preparations  of  the  azo-y8-naphthol  derivative  differ 
in  colour,  yet  they  are  undoubtedly  chemically  identical,  for  they  both 
melt  at  220°  and  do  not  depress  each  other's  melting  points.  Both 
specimens  gave  a  crimson  coloration  with  cold  concentrated  sulphuric 
acid. 

(iii)  With  Aromatic  Amines. — When  treated  in  warm  pyridine 
solution  with  aromatic  amines  capable  of  yielding  azo-derivatives 
directly,  the  diazoimide  undergoes  a  change  similar  to  that  which 
occurs  in  the  case  of  yS-naphthol. 

A  solution  of  the  />diazoimide  (1  gram)  in  50  c.c.  of  boiling 
pyridine  was  treated  with  0-5  gram  of  tolylene-2  :  4-diamiDe  dissolved 
in  the  same  medium  and  the  mixture  left  overnight.  The  solvent  was 
then  evaporated  off  and  the  dark,  viscid  residue  treated  with  hydro- 
chloric acid,  when  it  became  red  and  crystalline.  The  sparingly 
soluble  portion,  which  consisted  of  the  hydrochloride  of  an  azo-diamine 
of  the  chrysoidine  series,  was  dissolved  in  methyl  alcohol  containing  a 
few  drops  of  hydx-ochloric  acid.  The  hydrochloride,  which,  like  many 
other  salts  of   the  amiuoazobenzene  bases,   seems  to   be   capable   of 
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existing  in  two  differently  coloured  forms,  now  separated  in  minute, 
bluish-black  crj'stals, 

0-1656  gave  0-0572  AgCl.     CI  =  8-56. 
aH.-S02-NH-C6H,-N2-C7H,(NH2)o,HCl  requires  CI  =  8  23  per  cent. 

The  jo-diazoimide  interacts  similarly  with  j8-naphthylamine,  the 
azo-compound  produced  developing  an  intense  purplish-blue  coloration 
with  concentrated  sulphuric  acid.  When  dissolved  in  this  acid,  the 
foregoing  chrysoidine  gave  a  crimson  coloration. 

3.  Action  of  Caustic  Alkalis  on  the  ^^-Diazoimide. — The  j9-diazoimide, 
when  vigorously  shaken  with  cold  5  per  cent,  aqueous  caustic  soda^ 
slowly  dissolved  to  a  brown  solution,  which  darkened  on  exposure  to 
the  atmosphere  and  yielded  a  light  brown,  gelatinous  precipitate  when 
acidified  with  dilute  acetic  acid.  From  this  product,  only  a  small 
amount  of  toluene-^-sulphonanilide  (m.  p.  102 — 103°)  was  isolated, 
but  a  more  definite  result  was  obtained  by  operating  with  alcoholic 
solutions. 

One  gram  of  the  p-diazoimide  suspended  in  absolute  alcohol  was 
treated  with  an  alcoholic  solution  of  sodium  ethoxide  prepared  from 
0-2  gram  of  the  metal  (2  atoms),  the  mixture  being  cooled  externally 
by  crushed  ice  and  salt.  The  diazoimide  rapidly  dissolved  to  a  deep 
brown  solution ;  nitrogen  was  evolved,  and  the  odours  of  acetaldehyde 
and  aldehyde-resin  became  noticeable.  Sufficient  acetic  acid  was  added 
to  neutralise  the  alkali ;  the  liquid  was  evaporated  to  dryness,  the 
viscid  residue  extracted  with  water,  and  the  spai*ingly  soluble  portion 
repeatedly  crystallised  from  water  and  alcohol  and  decolorised  with 
animal  charcoal,  when  colourless  needles  of  toluene--^- sulj^honanilide, 
C.Hy-SOa'NH-CgHg,  were  obtained,  which  melted  at  102—103"  and 
did  not  depress  the  melting  point  of  the  substance  prepared  from 
aniline  and  toluene-j^-sulphonic  chloride  {D.R.-P.  157859). 

This  reaction  is  therefore  quite  analogous  to  that  by  which  hydrogen 
is  substituted  for  the  diazo-complex  in  an  ordinary  diazonium  salt,  and 
may  be  indicated  by  the  following  equation  : 

CaH,<|^^^^"^^^^     +     NaO-C^H,    -H    C,H,0    = 
CgHs-NNa-SO.-CyH-    +   CgH^-OH   +   C^H^O    +   1^^. 

A  modified  experiment,  in  which  excess  of  metallic  sodium  (6  atoms) 
was  added  to  the  alcoholic  emulsion  of  the  diazoimide,  led  to  the  same 
result ;  elimination  of  nitrogen  and  formation  of  acetaldehyde  again 
occurred,  and  the  solid  product  consisted  of  toluene-p-sulphonanilide, 
which  after  two  crystallisations  from  water  and  alcohol  melted  at 
102—103°. 

va.-XyleneA-sulphonyl--p-nitroaniline,  N02*CgH^*NII'S02"CgH3{CH3)o, 
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was  prepared  from  ;j)-nitroaniline  (1  mol.)  and  ?)i-xylene-4-sulphonic 
chloride  (1  mol.)  by  condensation  in  pyridine,  the  crude  viscid  product 
was  ultimately  crystallised  from  a  mixture  of  benzene  and  light 
petroleum  (b.  p.  80 — 100°),  when  large,  well-defined,  transparent, 
amber-coloured  prisms  separated,  which  were  recrystallised  from 
benzene.  A  purer  pi-oduct  was  obtained  by  effecting  the  condensation 
in  toluene.  The  crystals  from  benzene  melted  somewhat  indefinitely 
at  91 — 93°,  and  analysis  showed  that  they  contained  benzene  of 
crystallisation. 

0-3386  gave  248  c.c.  nitrogen  at  23°  and  767  mm.     N  =  B-32. 
2-4999,  in  the  steam  oven,  lost  0-2835  C^H^.     C6Hg  =  11-34. 
Ci^HiP^KgS.iC^Hg  requii-es  N  =  81 1.     C^H^  =  11-30  per  cent. 

The  product  when  heated  in  the  steam-oven  lost  its  lustre,  and  then 
melted  at  117 — 119°;  it  furnished  the  following  result  on  analysis  : 

0  2464  gave  20-6  c.c.  nitrogen  at  25°  and  762  mm.     ISr  =  9-35. 
Cj^Hj^O^NgS  requires  N  =  9-15  per  cent. 

The  amber-coloured  crystals  containing  benzene  also  lost  their  lustre 
when  triturated  with  alcohol  and  regained  it  on  subsequently  moisten- 
ing with  benzene. 

va.'Xylene-i-sulj}honyl-'^-phenylenediamine, 

NH2-C,H,-KH-S02-C,H3(CH3)2, 
was  readily  obtained  by  reducing  with  iron  and  dilute  acetic  acid  the 
crude  plastic  product  of  the  preceding  preparation;  it  crystallised  from 
dilute     alcohol    in     colourless,    prismatic     needles    and    melted    at 
156—157°. 

0-2786  gave  25  c.c.  nitrogen  at  23°  and  767  mm.     N=  10-22. 
0^411^^02^28  requires  N=  10*15  per  cent. 


m.-Xyle7ie-4:-sicl2)honyl-Tp-phenylenediazoimide, 

y\ ^•S02-C,H3(CH3)2 

The  foregoing  base,  when  dissolved  in  hydrochloric  acid  (1  acid  : 
1  water),  furnished  a  sparingly  soluble  viscid  hydrochloi^ide ;  this 
substance  hardened  on  trituration  and,  when  treated  with  aqueous 
sodium  nitrite,  yielded  a  more  soluble  diazonium  chloride,  the  filtered 
solution  of  which,  when  treated  with  aqueous  sodium  acetate,  gave  rise 
to  a  canary-yellow  diazoimide  which  separated  from  dilute  solutions  in 
a  distinctly  crystalline  form. 
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0-2166  gave  27-9  c.c.  nitrogen  at  22°  and  765  mm.     N=  14-69. 
0-3728     „     0-3022  BaSO^.     S  =  1M4. 

Cj^Hj^OgNgS  requires  N=  14-63  and  S  =  11-14  per  cent. 

This  diazoimide,  when  treated  successively  with  concentrated  hydro- 
chloric acid  and  alkaline  j8-naphthol,  yielded  the  alkali  derivative  of 
nx-x^lene-i-sulphonyl--p-a7ninobenzeneazo-l3-naphthol, 

C,H3(CH3)2-S02-NH-C,H,-N2-CioH6-OH, 
a  substance  which  was  also  prepared  directly  from  the  diazotised 
m-xylene-4-sulphonyl-;;)-phenylenediamine.  The  free  azo-compound, 
when  crystallised  repeatedly  from  glacial  acetic  acid  and  alcohol, 
separated  in  reddish-brown,  nodular  crystals  and  crystallised  from 
benzene  in  dark  red  needles ;  it  melted  somewhat  indefinitely  at 
160—161°. 

0-3111  gave  25-8  c.c.  nitrogen  at  24°  and  762  mm.     N  =  9-32. 
C24H21O3N3S  requires  N  =  9-74  per  cent. 

Benzene-l  :  3-disul2)honylbis-p-7iitroamline,    CgH4(S02*NH*C^H^'N02)2. 

The  condensation  between  benzene-l  :  3-disulphonic  chloride  (1  mol.) 
and  ^j-nitroaniline  when  carried  out  in  pyridine  furnished  an  un- 
crystallisable  product  which;  on  reduction,  gave  rise  to  an  ill-defined 
tetramine.  The  reaction  went  more  smoothly  in  dry,  boiling  toluene, 
in  this  case  four  molecular  proportions  of  the  nitroaniline  being 
employed.  The  product,  when  extracted  with  aqueous  sodium 
cax'bonate  and  the  resulting  solution  acidified  with  dilute  acetic  acid, 
yielded  a  sulphonyl  derivative  crystallising  from  toluene,  in  which 
it  is  only  sparingly  soluble,  in  aggregates  of  yellow  needles  melt- 
ing at  183 — 184°.  The  use  of  caustic  alkalis  and  mineral  acids 
in  this  extraction  led  to  a  very  impure  product.  The  following 
result  was  obtained  with  the  recrystallised  disulphonyl  derivative  : 

0-1396  gave  14-7  c.c.  nitrogen  at  24°  and  765  mm.     N  =  11-90. 
^18^14^8-^4^2  requires  N  =  11-71  per  cent. 

Benzene- 1  :  ^-disuljihonylbis-'p-jjhenylenediamine, 
C,H,(S02-NH-C,H,-NH2)2. 

The  crude  product  obtained  in  the  preceding  preparation  was  easily 
reduced  by  iron  and  dilute  acetic  acid  and  the  resulting  tetramine 
crystallised  readily  from  dilute  alcohol  in  colourless  needles  melting  at 
212—213°. 

0-2190  gave  25-8  c.c.  nitrogen  at  22°  and  766  mm.     N  =  13-46. 
0-3774     „     0-4318  BaSO^.     S  =  15-71. 

C18H18O4N4S2  requires  N=  13-39  ;  S=  15-31  per  cent. 
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Benzene- 1  :  S-disuljyhoni/lbis-Tp-phenylenediazoionide, 

\/      Ml- 


1 


The  foregoing  tetramine  (1  gram),  when  suspended  in  equal  parts  of 
cold  concentrated  hydrochloric  acid  and  glacial  acetic  acid  (6  grams  of 
each),  yielded  a  sparingly  soluble  hydi-ochloride,  which  slowly  dis- 
solved on  treatment  with  an  excess  of  aqueous  sodium  nitrite  (20  per 
cent,  solution).  The  filtered  solution  of  the  bisdiazonium  chloride, 
when  slowly  poui-ed  into  a  large  excess  of  aqueous  sodium  acetate, 
gave  a  bright  yellow,  pulverulent  diazoimide,  which  was  extremely 
sensitive  to  light. 

0-1014  gave  16-2  c.c.  nitrogen  at  22°  and  765  mm.     N  =  18-54. 
0-2587     „     0-2664  BaSO^.     S=  14-13. 

CigH^gO^NgS  requires  N  =  19-09.     S  =  14-56  per  cent. 

In  order  to  complete  the  formation  of  the  two  diazoimido-systems  in 
this  compovind,  it  seemed  necessary  to  employ  a  large  excess  of  sodium 
acetate,  for  with  a  smaller  proportion  of  this  reagent  products  were 
obtained  which  dissolved  appreciably  in  alcohol,  whereas  the  bisdiazo- 
imide  was  practically  insoluble  in  this  medium.  The  bisdiazoimide 
dissolved  in  fused  naphthalene,  but  only  to  a  very  limited  extent. 

Benzene-!  :  3-disuljjho7iylbis-'p-a7ninohe7izeneazo-ft-naphthol, 


The  preceding  bisdiazoimide  readily  dissolved  in  cold  concentrated 
hydrochloric  acid,  and  the  solution,  when  diluted  with  glacial  acetic 
acid  and  slowly  poured  into  a  caustic  potash  solution  of  /8-naphthol, 
yielded  the  potassium  derivative  of  the  azo-/8-naphtbol,  a  salt  which, 
although  soluble  in  water,  was  precipitated  in  the  strongly  alkaline 
solution.  This  product,  which  was  also  prepared  directly  by  succes- 
sively diazotising  the  tetramine  and  combining  its  diazonium  salt  witli 
alkaline  )8-naphthol,  was  decomposed  with  80  per  cent,  acetic  acid. 
The  free  azo-/5-naphthol,  being  very  insoluble  in  the  ordinary  volatile 
solvents  with  the  exception  of  pyridine,  in  which  it  dissolved  very 
readily,  was  crystallised  first  from  nitrobenzene  and  then  from  a  large 
volume  of  boiling  glacial  acetic  acid  ;  it  was  thus  obtained  as  a  bright 
red  powder  melting  and  decomposing  at  269 — 271°. 

0-1733  gave  17-8  c.c.  nitrogen  at  25°  and  761  mm.     N=  11-49. 
C3sH.,j,OyNyS2  requires  N—  11-54  per  cent. 

VOL.    LXXXVII.  4   S 
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This  azo-compound  dissolved  in  cold  concentrated  sulphuric  acid  to 
an  intense  bluish-crimson  solution. 

The  foregoing  experiments  serve  to  define  the  limits  of  stability  of 
the  arylsulphonyl-|)-diazoimides,  and  they  also  indicate  the  great  differ- 
ence in  reactivity  between  these  very  labile  substances  and  the  inert 
acyl-o-diazoimides.  On  this  account,  and  also  because  of  the  differences 
in  colour  and  mode  of  formation,  it  seems  scarcely  likely  that  the  two 
series  are  similai'ly  constituted,  but,  as  was  pointed  out  in  the  first 
communication  bearing  on  the  jj-diazoimides,  there  still  exists  some  un- 
certainty with  regard  to  the  constitution  of  these  compounds,  and  at 
least  two  alternative  formulse  are  applicable  to  each  of  the  two  series 
(compare  this  vol.,  p.  75). 

In  the  case  of  the  new  series  of  p-diazoimides  the  benzenoid  cyclic 
configuration  has  been  uniformly  adopted  in  this  and  the  preceding 
communication  (this  vol.,  p.  924),  because  this  formulation  is  compatible 
with  the  mode  of  formation  and  reaction  of  these  compounds,  and  also 
because  it  involves  one  hypothesis  less  than  the  alternative  imino- 
quinonediazide  formula,  which  requires  the  additional  assumption  that 
the  condensation  is  accompanied  by  a  transformation  of  the  benzene 
nucleus  into  the  quinonoid  form.  Nevertheless,  the  quinonoid  formula 
is  by  no  means  absolutely  excluded,  and  the  colour  of  the  j9-diazoimides 
and  their  ready  hydrogenation  by  sodium  ethoxide  may  perhaps  be 
regarded  as  evidence  in  favour  of  this  formulation.  On  the  other  hand, 
the  interactions  with  acids,  phenols,  and  aromatic  amines  do  not  favour 
the  one  formula  more  than  the  other. 

It  should  not,  however,  be  supposed  that  this  uncertainty  of  con- 
stitution is  confined  to  this  class  of  diazo-derivatives  alone,  for,  apart 
from  the  still  vexed  question  of  the  structure  of  the  hydroxyazo-com- 
pounds,  this  ambiguity  also  exists  in  the  case  of  the  jo-diazo-oxides 
produced  by  the  internal  condensation  of  the  ;j-diazophenols.  These 
^-diazo-oxides,  which  resemble  the  arylsulphonyl-^-diazoimides  in  colour 
and  chemical  properties,  were  originally  formulated  as  cyclic  diazo- 
anhydrides,  but  are  now  regarded  by  several  investigators  as  being  qui- 
nonediazides  (compare  Meldola  and  Stephens,  this  vol.,  pp.  1201, 1205). 
It  is,  however,  extremely  doubtful  whether,  from  the  experimental 
evidence  at  present  available,  one  can  decide  definitely  between  the 
benzenoid  cyclic  and  the  quinonoid  configurations  for  the  arylsulphonyl- 
^■diazoimides  and  the  allied  aromatic  cyclic  diazo-oxides. 

The  authors  desire  to  express  their  thanks  to  the  Government  Grant 
Committee  of  the  Royal  Society  for  a  grant  which  has  partly  defrayed 
the  expenses  of  this  investigation. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 
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CXXXl. — The  Reversihility  of  Photographic  Development 

and  the  Retarding  Action  of  Soluble  Bromides. 

By  Samuel  Edward  Sheppard. 

The  view  that  development  is  essentially  a  reversible  chemical  reaction 
has  been  frequently  maintained  both  a  2)riori  from  theoretical  con- 
siderations and  also  as  a  conclusion  drawn  from  some  of  the  phenomena 
of  photographic  practice.  It  was  brought  forward  as  a  fundamental 
conception  by  H.  E.  Armstrong  {Brit.  Journ.  Phot.,  39,  277) 
both  for  wet-plate  development  and  for  that  of  the  modern  dry- 
plate,  and  again  expressed  by  Hurter  and  Driffield  {Phot.  Journ., 
1898,  22,  360).  These  writers  concluded  that  the  so-called  "re- 
straining" action  of  soluble  bromides  is  due  to  the  fact  that  they 
are  reaction  products  of  a  reversible  reaction.  The  same  view  was 
developed  by  Luther  {Chem.  Vorgdnge  in  der  Phot.,  1900,  35  et  seq.) 
and  by  Bogisch  {Phot.  Corr.,  1902,  320).  On  the  other  hand,  Abegg 
{Arch.  wiss.  phot.,  1900,  ii,  76),  from  the  standpoint  of  the  ionic  theory, 
pointed  out  that  the  action  of  bromides  was  qualitatively  explicable 
by  the  lower-ing  in  concentration  of  the  silver  ion  by  a  soluble  salt 
with  the  same  anion.  He  has  recently  developed  his  views  further  so 
as  to  include  the  reversibility  of  the  reaction  {Eder's  Jahrb.  Phot., 
1904,  1). 

In  spite  of  the  importance  of  the  question  for  photographic  theory, 
but  little  work  has  been  done  on  the  experimental  side.  However,  in 
the  case  of  ferrous  oxalate,  Friedliinder  {Phot.  Corr.,  1902,  252)  has 
shown  that  large  quantities  of  ferric  oxalate  considerably  retarded 
development,  plates  being  exposed  in  the  Scheiner  sensitometer  and  the 
densities  measured.  Further,  it  has  been  shown  (•'  Chemical  Reactions 
in  the  Hydroquinone  Developer  "  ;  C.  E.  K.  Mees  and  S.  E.  Sheppard, 
Zeit.  wiss.  Phot.,  1904,  ii,  5)  that  with  quinol  the  process  is  actually 
reversible,  since  developed  negatives  are  completely  bleached  by  a 
solution  of  quinone  and  potassium  bromide,  the  silver  being  converted 
into  silver  bi'omide  and  the  quinone  reduced  to  quinol.  But  this  reverse 
reaction  is  largely  nullified  by  the  presence  of  alkali  and  alkali 
sulphite,  always  used  with  organic  developers,  as  these  substances, 
alone  or  mixed,  react  with  quinone,  reducing  it  to  quinol. 

Owing  to  these  complications,  it  appeared  probable  that  the 
experimental  realisation  of  an  equilibrium  would  be  most  easily 
attained  in  a  ferrous-ferric  oxalate  mixture.  A  scale  negative  in 
molecular  ferric  oxalate,  i\7^  ^°  potassium  bromide,  was  completely 
bleached  in  about  an  hour.  In  addition,  Friedlander's  observation  on 
the  retarding  influence  of  ferric  oxalate  in  large   quantities  was  con- 

4  S  2 
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firmed  both  by  density  measurements  and  by  the  time  of  appear- 
ance of  the  image.  But  as  the  author  has  shown  elsewhere  with 
C.  E.  K.  Mees  {Proc.  Ro]).  Soc,  1904,  74,  457)  that  the  velocity 
of  development  depends  largely  on  diffusion  processes,  kinetic  experi- 
ments can  give  results  of  but  little  value  as  to  the  chemical  processes 
in  development.  The  following  investigation  may  be  regarded  as  con- 
sisting of  two  parts  :  (i)  the  experimental  attainment  of  an  equilibrium 
in  development,  (ii)  the  influence  of  the  chemical  reactions  in  develop- 
ment on  the  velocity  of  the  process. 


I 


Fart  I,     On  the  Chemical  Reactions  in  Development. 

Chemically  considered,  development  is  a  reduction  process,  and  in 
terms  of  the  ionic  theory  may  be  formulated  as  follows :  *  (see 
G.  Bredig,  Eder's  Jahrh.  Phot.,  1895,  42) : 

+      - 
Ag-i-R  :^  Ag(met)  +  R. 

In  the  case  of  ferrous  oxalate,  of  which  the  molecular  condition  in 
solution  is  known  (Trans.,  1905,  87,  189),  this  becomes 


K^  +  ^eiGp^)  ^  Ag(met)  +  Fe(C20j2. 


I 


It  is  probable  that   in  presence  of  excess  of  CoO^-ions  the  ferric 

complex  is  to  be  formulated  re(C204)3  (Trans.,  loc.  cit. ;  also  Rieger, 
Zeit.  Elektrochevi.)  1901,  7,  170),  but  the  adjustment 

re'(CA)o  +  (CA)  ^  fI(c,o,)3 

will  not  affect  the  main  reaction.  Furthermore,  the  concentration  of 
the  silver  ions  will  be  determined  by  that  of  the  free  halogen  ion.  For 
silver  bromide  plates  : 

+       — 
Ag  +  Br  ^  AgBr  ^  AgBr(solid). 

From  these  equations,  we  can  formulate  the  equilibi^ium  condition. 
In  presence  of  excess  of  oxalate,  we  may  consider  all  the  iron  present 
as  complex  ion.  This  seems  justified  by  spectrophotometiic  results 
(Trans.,  loc.  cit.).     Hence  for  convenience  the  symbols  Fe"  and  Fe'"  are 

+  ^ 

used,   and   from   the  equation  Ag  -I-  Fe"  :^  Ag(met)  +  Fe'"   we  have 

*  It  is  curious  to  note  tllat,  with  the  doubtful  exception  of  ferrous  fluoride,  the 
reducing  ion  in  development  is  always  an  anion.  Whether  this  is  mere  coincidence 
or  is  connected  with  the  electrical  relations  between  colloids  and  electrolytes  (com- 
pare J.  Billitzer,  Zcit,  physikal.  Chcm.,  1903,  45,  330)  cannot  at  present  be  stated. 
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+ 
TFe'TAff 
*      rx-.  >rr^    =   constant,    the    concentration     of    metallic    silver    in 
[Fe 

presence  of  solid  silver  being  constant. 

+       -  +     - 

Further,  from  Ag  +  Br  ::=i  AgBr  ^  AgBr(solid),  we  have  [ Ag[Br 

s=  constant,  whence  we  obtain 

[Fe" 

=    constant,  ^. 
[Fe"'[Br 

Experimental  Determination  of  the  Equilibrium  Constant. 

The  apparatus  and  methods  employed  by  the  author  in  the  investi- 
gation of  the  dynamics  of  development  have  already  been  described 
{Phot.  Journ.,  1904,  44,  and  Proc.  Roy.  Soc,  1904,  74,  449).  It  is 
only  necessai-y  at  present  to  refer  to  the  term  '*  density."  This 
quantity  determined  photometrically,  is  the  same  as  the  "  extinction- 
coefficient  "  in  spectrophotometry,  and  is  proportional  to  the  mass  of 
silver  on  the  plate,  being  directly  convertible  into  grams  of  silver  per 
unit  area  by  simple  multiplication  by  a  factor,  P,  termed  the  "  photo- 
metric constant."  In  the  first  method  used  to  determine  ^,  plates  of 
known  area  and  density  were  placed  in  a  mixture  of  aqueous  ferric 
oxalate  and  potassium  bromide,  and  the  silver  converted  into  silver 
bromide  determined  photometrically  by  difference  when  the  bleaching 
action  had  ceased.  From  this  the  change  in  concentration  of  the  com- 
ponents could  be  calculated,  and  hence  |  the  equilibrium  constant. 
Thus,  if  the  original  density  be  Dq  and  the  final  density  D,  if  m  and 
n  be  the  factors  converting  "  densities  "  into  concentrations  of  iron 

.                   .     ■,               J                                      m  or  niDo  -  D)A 
and  bromide  respectively,  and  A  the  plate  area,  then  -rrr^ 

is  the  change  in  concentration. 

[Fe"-fc 
Calling  this  c  or  c  ,  we  have  ^  =    A 

([Fe"'  +  c)([Br-c') 

However,  this  method  only  gave  an  upper  limit  to  the  equilibrium 
constant,  as  near  the  equilibrium  point  the  reaction  proceeds  with 
extreme  slowness,  and  atmospheric  oxidation,  although  reduced  as  far 
as  possible,  then  introduces  large  errors. 

The  method  which  was  most  successful  was  a  "  balancing  "  one, 
and  gave  superior  and  inferior  limits  to  the  constant  as  folloAvs  :  all 

reaction-mixtures  for  which  the  ratio  ([Fe")([Fe"')~i([Br)"i  is  above 

The  symbol  [  is  used  to  denote  the  coiicentratiou  of  the  substance  in  question. 
The  two  square  brackets  [  ]  are  already  used  to  denote  refractivities,  but  the  single 
bracket  [  may  conveniently  replace  Cx  for  concentrations. 
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a  certain  value,  i  say,  will  be  developers,  whilst  those  for  which  it  is 
below  this  will  be  oxidisers.*  Test  strips  were  made  by  giving  plates 
a  liberal  exposure  in  the  sensitometer  and  leaving  a  part  unexposed. 
When  placed  in  the  reaction-mixture,  development  either  took  place  or 
was  inhibited.  By  narrowing  the  limits  on  either  side,  upper  and 
lower  limits  for  $  could  be  obtained.  The  reverse  balancing  method, 
in  which  the  equilibrium  is  attained  from  the  opposite  side,  consists  in 
determining  the  concentrations  which  just  bleach  and  jvist  fail  to 
bleach  the  silver  of  a  developed  negative.  The  solutions  used  were 
made  with  boiled  air-free  water  and  slightly  acidified.  Control  ex- 
periments showed  that  errors  due  to  oxidation  were  slight.  The 
following  tables  exhibit  the  results  obtained.  The  iron  was  used  in 
the  form  of  standardised  solutions  of  ferrous  and  ferric  sulphates 
added  to  potassium  oxalate  solution.  To  economise  space,  only  the 
limiting  concentrations  in  each  experiment  are  given. 


Table 

I. 

Number  of 

Remarks. 

Vohirae 

gram-mols. 

Gram-mols. 

Gram-mols. 

+ 

=  developer 

in  c.c. 

of  ferrous  iron.        of  ferric  iron. 

of  bromide. 

i-    - 

=  oxidiser. 

25 

0-000092 

0-00321 

0-00101 

710 

+ 

25 

0-000092 

0-00350 

0-00101 

650 

25 

0-000092 

0-00374 

0-00101 

600 

- 

Value  lies  between  710  and  650. 

25 

0-000046 

0-00160 

0-00101 

710 

+ 

25 

0-000046 

0-00165 
Value  lies  between 

0-00101 
710  and  690. 

690 

25 

0-000036 

0-00180 

0-00101 

650 

_ 

25 

0-000036 

0-00130 

0-00101 

690 

-f 

Value  lies  between  690  and  650. 


Hence,  varying  the  concentration  of  the  ferrous  iron  from  92  to  36, 
the  value  of  $  is  constant  at  about  670,  700,  680,  the  mean  being 
683. 

Effect  of  Bromide. 

The  above  experiments  at  25  c.c.  in  Nji^  bromide  show  that  the 
ferric  iron  must  be  36  times  the  ferrous  in  order  that  the  system 
may  be  in  equilibrium.  The  other  factors,  the  bromide  and  the 
volume^  were  also  varied. 

*  For  a  similar  method  of  obtaining  an  eijuililn-ium  relation,  see  R.  Luther,  Zeit, 
phijsika.l.  CJicm.,  1899,  30,  028. 
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Remarks. 


Table  II. 

Volume 
in  c.c. 

25 

25 

Mols.  of  Fe' 
0-000036 
0-000036 

Mols.  of 

'.        Mols.  of  Fe'".          bromide. 

0-000504               0-00255 

0-000525               0-00255 

Value  lies  between  700  and  672. 

I. 

700 
672 

25 
25 

0-000036 
0-000036 

0-00180                0-00101 

0-00130                0-00101 

Value  lies  between  690  and  650. 

650 
690 

25 
25 

0-000036 
0-000036 

0-00264                0-000505 
0-00258                0-000507 
Value  lies  between  690  and  674. 

674 
690 

Hence,  varying  concentration  of  bromide  from  JV/IO  to  iV750,  one 
obtains  ^=686,  670,  682,  the  mean  being  680. 

Uffect  of  Dilution. 

A  mixture  at  25  c.c.  when  diluted  to  100  c.c.  is  no  longer  in 
equilibrium ;  such  mixtures  were  found  to  continue  the  development 
of  a  plate,  and  by  the  bleaching  method  the  following  value  of  $  was 
obtained  at  100  c.c. : 


Table  III. 

l^'olume 
in  c.c. 

Mols.  of  Fe". 

Mols.  of  Fe"'. 

Mols.  of 
bromide. 

I. 

Remarks. 

100 
100 
100 

0-000115 
0-000115 
0-000115 

0-00415 
0-00423 
0-00436 

0-00404 
0-00404 
0-00404 

685 
673 
653 

+ 

Hence  the  equilibrium  concentration  of  iron  is  directly  proportional 
to  the  volume  between  25  and  100  c.c. 

Since  these  experiments  wex'e  obtained  both  by  development  and 

the  bleaching  control,  they  establish  the  existence  of  an  equilibrium 

in  development  with  ferrous  oxalate,  and  show  it  to  be  defined  by  the 

axv 
equation  v =  $,  where  a,  b,  and  c  are  the  gram-molecules  of  ferrous 

and  ferric  iron  and  bromide  respectively,  while  v  is  the  volume  of  the 
solution  ;  the  measurements  were  made  at  18 — 20°. 

In  the  calculation  of  the  results,  it  has  been  assumed  that  all  the 
iron,  within  the  range  employed,  was  present  as  complex  anion. 
This  appears  justified,  as  stated,  by  spectrophotometric  results.  Since 
the  equilibrium  concentration  of  ferric  iron  is  inversely  proportional 
to  that  of  the  bromide,  we  can  calculate  the  equilibrium  value  for 
normal  development  with  bromide  at,  say,  JVj  1000 ;  i  is  found  as  680. 
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6S0 
Correcting  this  for  the  ionisation  of  the  bromide  gives  ttt^  =  755,  as 

the  ionisation  of  potassium  bromide  about  =0-90  at  Nj'l^. 

Hence  at  iV71000  Br  the  equilibrium  concentration  of  ferric  iron 
would  have  to  be  some  1500  times  the  ferrous  to  bring  development 
to  a  standstill.  This  shows  that  under  normal  conditions  the  reaction 
can  go  very  far  in  the  direction  of  development. 

The  relation  between  the  equilibrium  in  development  and  the  free 
energy  of  the  reaction  the  author  hopes  to  treat  of  later  in  connection 
with  the  theory  of  alkaline  development.  In  particular,  it  is  hoped 
that  a  study  of  the  reduction  potentials  may  lead  to  some  definition  of 
the  conditions  under  which  a  reducing  substance  may  function  as  a 
developer. 

Part  II.  On  the  Injluence  of  the  Chemical  Reactions  on  the   Velocity 
of  Develo2)inent. 

As  already  mentioned  in  a  previous  paper  [Proc.  Roy.  Soc,  1904, 
74,  457),  reasons  were  given  for  believing  that  the  velocity  of  develop- 
ment depends  chiefly  on  diffusion  processes.     It  was  found  that  in  the 

steady   state  -—  =  K{D^  -  D),  where  D^    is  the  density  reached  on 

viltimate  development,  and  therefore  a  quantity  proportio7ial  to  the 
mass  of  silver  halide  affected  hy  light,  B  the  density  at  any  time  t,  and 

K  a  constant  =  — ,  where  A  is  the  diffusivity  of  the  developer,  a  its 

*S' 

concentration,  and  S  the  diffusion  path,  probably  the  gelatin  skin 
surrounding  the  grain  of  silver  halide. 

Free  bromide,  however,  as  is  known,  was  found  to  affect  the  velocity, 
a  result  which  could  only  be  due  to  the  chemical  process  affecting  the 
total  velocity.  But  the  phenomena  were  not  simple,  the  main  effect 
being  apparently  the  formation  of  an  induction  period  which  depended 
both  on  the  concentration  of  the  bromide  and  on  the  exposure 
received. 

The  course  of  chemical  reactions  in  heterogeneous  systems  is  likely 
to  be  very  complicated  unless  one  of  the  processes  takes  relatively  far 
more  time  than  the  others.  Nernst's  theory  {^Zeit.  physikal.  Ghem., 
1904,  47,  56)  assumes  that  diffusion  is  generally  predominant,  but 
this  is  by  no  means  always  the  case,  and  other  conceptions  then 
become  necessary.  The  most  comprehensive  theory  of  reaction-velocity 
in  heterogeneous  systems  is  that  of  M.  Wilderman  {Zeit.  'physxkal. 
Cliem.,  1899,  30,  341),  in  which,  however,  diffusion  is  not  considered. 
On   the  basis   of  this  theory,  it  can  be  shown  that,   neglecting  the 
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"  invasion  "  of  the  developer,  the  course  of  reaction  is  still  represented 
by  much  the  same  function  of  the  "  density  "  of  the  image,  and  that 
the  existence  of  the  reverse  reaction  can  give  rise  to  an  induction- 
period. 

The  process  of  development  may  be  formulated  as  follows  : 

Ag  +  Br  +  Fe(C20j2  ^  Ag(in  solution)  +  Br  +  Fe(C,0 ,), 

AgBr(solid)  Ag(solid  metal) 

For  simplicity  we  consider  the  bromide  ion  present  in  such  excess 
that   its    concentration   is   constant.      The    process    Ag  Br  (solid)  '^ 

+ 
AgBr(diss)  ^^  Ag  +  Br   may  then    be    condensed    as    shown.       The 
equilibrium  condition   in  development   has   already  been  dealt   with, 
whilst   for   the   velocities   of  the   processes    we   have    the    following 

equations  : 

+ 
(i)  AgBrl'insolated  solid)  :^  A.g+ Br(in  solution). 

—  =  KS{c^^  -  c)  where  .S*  is  the  surface  of    developable 

silver  bromide,  Cq  equilibrium  concentra- 

+ 
tion  of  Ag  and  c  concentration  at  time  t. 

(ii)  Ag  +  Fe"^  Ag  +  Fe'". 

(^J=^''tMFe"-/r'[Ag[Fe"'. 

(iii)  Ag(solid)  ^^  Ag(dissolved). 

(— j  =K"'S'{cq'  -c)    where   S'   is  the    surface    of  the 

silver,  Cq   c  its   concentrations   as 
before. 
Then  in  the  steady  state  there  are  formed  as  many  mols.  of  metallic 
silver  or  ferric  iron  in  unit   time   as  mols.  of  silver   bromide  vanish 

V,  '^^ _  /^^V  _  (dx\'' 

^  ^^^^  dt  ~  \dt)  ~  \di)  ' 

Equating  (i)  and  (ii),  we  get  c  as  a  function  of   the  other  variables. 

dx 
Inserting  the  value  in  (i)  we  obtain  anew  equation  for  the  velocity  — ^ 

/dv\"  dx 

and  putting  this  new  equation  =  (  -^  )    we  eliminate  c  and   get  —    as 

\Clt  /  (it 

a  function  of  S,  S',  [Fe",  [Fe"'.  On  factorising  and  multiplying  up  we 
get  for  the  velocity 

»  dx  _  ^^ r-     K"'K"S'[Fe"'Cf;  -  K"'K'S'clFe"     -i 

dt  lKK"S[Fe"'  -  KIC'SS'  -  K'K"'S[Yq"'] '  ■ 
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This  somewhat  cumbersome  expression  can  be  brought  to  an 
integrable  form  as  follows.  For  the  surfaces  of  the  developable  silver 
bromide  and  of  the  silver,  we  substitute  their  relative  densities 
i)oo  -  D  and  D.  Further,  Cq  and  c^  are  constants,  being  the  respec- 
tive equilibrium  concentrations  of  silver  ions  and  metallic  silver ; 
again,  [Fe",  concentration  of  ferrous  iron  in  such  excess  as  to  be 
constant  =  C,  whilst  [Fe'"  is  the  concentration  of  ferric  iron  =  mZ>, 
where  D  is  the  density,  that  is,  mass  of  silver  developed,  while  m  is  a 
factor  converting  densities  to  concentration  of  iron  (Part  I).  By 
substituting  these  values  we  get 

where  a,  h,  c,  and  d  are  constants. 

For   integration,  changing  variables  by  putting  dD  =  -  dO  where 

e  =  {D^  -D)  we  have  Kdt  =  ^l^~/^f^ 
(j{ad  -/ ) 

wherey=  ^-Oqq  -  h  :  hence 

aKidt   =      ((^l^^f)  ^  , 

J         J{e-/iay  $  ' 

which  becomes 


I 


J      J   e    Je-f/a 

-  TO,  that  is,  when 
N={c+T)  =  '^     and    T=('^ 


if  ce-d  =  N{6  -fja)  -  T6,  that  is,  when 

ad  ,     m     (ad 


from  this, 

(ad  -fc 


Nloge  -  Mzfl  \log  U  -  fla\  =  Kt  +  constant. 
When  « =  0,  Z>  =  0,  and 


and  as 


K  Cnm  m 


where  $  is  the  equilibrium  constant   of   development,   the  equation 
becomes 

It  has  therefore  the  same  form  as  the  simple  equation 

1-2^  =  - 
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with  the  addition  of  a  correction  term  expressing  the  eifect  of 
reversibility,  which  only  becomes  of  importance  when  the  concentration 
of  the  bromide  or  ferric  oxalate  is  high.  Further,  the  equation  shows 
that  the  curve  will  have  an  inflexion  point,  and  the  value  of  D  for  which 

=  0  will  depend  both  on  B^  ,  that  is  on  the  exposure,  and  also  on  ^, 

that  is,  on  the  bromide.  The  subsequent  experimental  work  on  the 
influence  of  bromide  on  the  "  characteristic  "  plate  curve  and  on  the 
development  velocity  confirms  this  to  some  extent. 


Experimental. 

In  photochemical  inquiries  on  photographic  plates,  Hurter  and 
Driffield's  method  is  usually  adopted.  The  densities  due  to  an 
increasing  series  of  exposures  are  plotted  as  ordinates  against  the 
logarithms  of  the  corresponding  exposures  as  abscissae.  The 
"  exposure  "  is  Bunsen  and  Roscoe's  "  insolation,"  that  is,  the  intensity 
of  the  light  multiplied  by  the  time  E  —  IT.    The  curve  obtained  is 

integral)-shaped,  the  middle  portion  being  practically  a  straight  line 

(Hurter  and  Driffield,  Phot.  Journ.,  1898,  22,  360,  Mees  and 
Sheppard,  ibid.,  1904,  49,  284).  It  has  been  shown  elsewhere  that 
the  densities  due  to  different  exposures  are  unaffected  by  time  of 
development  in  an  unbromided  developer.     For  the  linear  portion  of 

the  curve,  the  equation  D  =  ylog—  holds,  where  E  is  the  exposure,  i 


/( 


is  a  specific  constant  of  the  plate  and  light  termed  the  inertia,  and  y  a 
constant  depending  on  the  development  and  termed  the  development- 
factor.     The  point  where  the  straight  line  cuts  the  exposure  axis  gives 

log  i,  whilst  if  6  be  its  angle  of  inclination  tan  ^  ==  v  =  - — -.     The 
*=  '      d\ogE 

effect  of  the  free  bromide  in  the  developer  on  the  exposure  curve  and 

on  the  course  of  development  was  tested  by  plotting  these  curves  for 

different  concentrations  of  bromide  and  varying  times  of  development. 

It   will  be  remembered  that  the  "  density ''    is  the   mass   of   silver 

reduced.      "We   are   dealing   therefore   on    the    one    hand    with  the 

dynamics  of  the  photochemical  process  of  exposure,  and  on  the  other 

with  those  of  the  necessary  development  of  the  varying  amounts  of 

silver  halide  rendered  developable  by  light.     The  mutual  relationship 

of   these   two    processes   is   of   great   interest   both  from  a    general 

photochemical  and  from  a  photographic  standpoint.     The  curves  have 

been  measured  for  a  range  of  exposure  1 — 256,  the  time  of  development 

varied  from  two  minutes  to  two  hours,  and  the  concentration  of  the 

bromide  from  iV7200  to  iVYlO.  Two  tables  are  given  from  these  for  four 
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and  six  minutes'  development.  The  plates  were  coated  with  Wratten 
ordinary  emulsion  on  patent  plate  glass,  the  emulsion  being  pure  silver 
bromide  suspended  in  gelatin,  with  less  than  one  per  cent,  of  silver  iodide 
and  only  traces  of  soluble  salts.  They  were  exposed  in  a  special 
sensitometer,  developed  in  a  thermostat  at  20-0°,  and  the  densities 
measured  in  the  Hiifner  spectrophotometer.*  Each  plate  was  given 
100  c.c.  of  a  developer  composed  as  follows  : 

8-0  c.c.  molar  FeSO^ 

X     „         „     KBr 

To  100    „  with  molar  KaCgO^ 

In  the  two  following  tables,  the  logarithms  of  the  exposures  are  given 
on  an  arbitrary  scale,  putting  log^^=  1"00.  In  each  case  a  plate  was 
developed  with  no  bromide  to  obtain  the  true  inertia. 


Fe"  =  #/12-5. 


Table  IV. — Time  of  Development,    4-0  Minutes;    D  =  Density  ;  Con- 
centration of  Bromide  =  Nj — . 


Log^. 

^0. 

■^N/200. 

•^N/100. 

^N/50. 

3-313 

2-340 





_ 

3-012 

2-000 

1-857 

1-655 

1-179 

2-72 

1-822 

1-562 

1-295 

0-895 

2-42 

1-454 

1-250 

0-971 

0-608 

2-14 

1-068 

0-952 

0-648 

0-380 

1-80 

0-713 

0-590 

0-368 

0-195 

1-575 

0-446 

0-335 

0-193 

0-097 

1-36 

0-261 

0-200 

0-101 

— 

1-00 

0-056 

0-030 

— 

— 

logi 

1-15 

1-30 

1-50 

1-80 

7 

1-11 

1-10 

1-07 

1-08 

Table  V.- 

-6-0  Minutes' 

Development. 

^0. 

Log^. 

^0. 

-^N/-200. 

-^^7loo.         -^N/50. 

-^N/25. 

2 

3 

012 

2-902 

2-760 

2-605             2-130 

1-629 

3 

2 

72 

2-501 

2-292 

2-027            1-706 

1-270 

4 

2 

42 

2-080 

1-832 

1-611            1-301 

0-938 

5 

2 

14 

1-603 

1-410 

1-114            0-948 

0-666 

6 

1 

80 

1-086 

0-865 

0-705            0-544 

0-364 

7 

1 

575 

0-666 

0-548 

0-404             0-306 

0-205 

8 

1 

36 

0-413 

0-290 

0-208             0-150 

0-092 

9 

1-00 

0-126 

0-081 

—                  — 

— 

log  i 

1-10 

1-20 

1-35              1-50 

1-60 

y 

1-51 

1-51 

1-51              1-40 

1-10 

On  very  prolonged  development,  identical  values  for  log  i  and  y  were 
obtained  with  no  bromide  and  with  ^/50  bromide.     The  results  from 

*  For  a  complete  description  of  the  author's  methods  of  working  and  the  errors 
in  materials  and  measurements,  see  the  papers  cited  in  the  Phot.  Journ.  and  rroc. 
Roy.  Sac,  1904,  74,  449. 
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all  the  experiments  up  to  iV/50  bromide   are   given  in  the   following 
table. 


Table  VI. 

Logi 

for 

no  Bromide  reduced 

to  1-00. 

Time  in 

Loff  i 

Logi 

Logi 

Log  i 

minutes. 

N^O. 

N/200. 

A7100. 

iV/50. 

7- 

2-0 

1-00 

{1-81) 

_ 

- 

0-59 

3-0 

1-00 

1-45 

1-63 



1-00 

4-0 

1-00 

1-13 

1-305 

1-52 

1-10 

5-0 

1-00 

_ 

1-20 

— 

1-40 

6-0 

1-00 

1-09 

1-225 

1-36 

1-51 

8-0 

1-00 

1-067 

_ 

1-215 

1-80 

12-0 

1-00 

r042 

1-09 

1-122 

2-00 

00 

1-00 

1-00 

1-00 

1-00 

3-40 

Curve  1. — Effect  of  Iromide  on  the  characteristic  plate  curve :  for  concentrations 
of  bromide,  0,  iV7200,  NjlOO,  N/50. 
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The  experiments  show  that  up  to  ^^/50  potassium  bromide  the 
development  factor  y  is  unaltered,  but  log  i  and  'i,  the  inertia,  are 
raised.  That  is  to  say,  the  depression  in  the  value  of  D,  the  density,  is 
constant  over  a  certain  range.  Above  ^/50,  the  effect  on  i  seems 
relatively  less,  and  y  is  now  lowered  ;  hence  there  is  no  longer  a 
period  of  constant  depression.  This  and  the  consequent  raising  of 
log  i  becomes  less  as  the  time  of  development  is  increased,  and  on 
ultimate  development  disappears.     In  consequence,  a  definite  "  regres- 
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sion  "  in  the  value  of  log  i  takes  place,  as  is  shown  in  Table  VI.  The 
depression  AD  from  the  data  obtained  appears  to  be  inversely  pro- 
portional to  the  time  of  development  and  directly  proportional  to  the 
concentration  of  the  bromide.  The  values  of  AZ>  =  Alog  i  from  Table  VI 
have  been  multiplied  by  the  time  of  development,  and  it  will  be 
seen  that  the  foregoing  relationship  is  approximately  confirmed  in 
Table  VII. 

Table  VII. 

P  =  Alog  i  X  Time  of  Development. 


Time  t. 

P  for  iV/200. 

P  for  i\VlOO. 

p  for  ivyso. 

4-0  minutes 

0-52 

1-20 

2 '08 

5-0      „ 



1-00 

2-16 

6-0      „ 

0-54 

1-35 

1-72 

8-0      „ 

0-53 

— 



[2-0      ,, 

0-50 

1-08 

1-50 

It  is  possible  from  these  data  to  give  correction-formulse  for 
the  effect  of  bromide  on  the  exposure  and  development  curves.  For 
the  exposure 

r,  ,     E     Win 

D  =  yiog^-— , 

where  n  is  the  normality  of  the  bromide,  t  the  time  of  development. 
The  effect  on  the  development-curve  is  similarly  obtained.  Since 
without  bromide  (see  p.  1316) 

D   =   D^{\-e-K% 

the  addition  of  bromide  is  expressed  by  the  correction-term 

/r[Br 
t     ' 

and  we  have 

D    =    D^  (l-e'^^^-KlBv, 
where  [Br  is  the  concentration  of  the  bromide. 

Periods  of  Under-  and  0ver-ex2)0sure. 

The  linear  portion  of  the  exposure  curve  is  for  certain  photographic 
reasons  (compare  Hurter  and  Driffield,  Journ.  Soc.  Ghem.  Ind.,  1890, 
9,  455)  called  the  period  of  correct  exposure ;  whilst  in  this  region 
the  density  depression  is  constant,  this  is  no  longer  the  case  for  the 
other  parts.  When  the  range  of  illumination  is  greatly  extended,  it 
is  found  that  the  depression  due  to  bromide  increases  at  first,  becomes 
approximately  constant  for  a  time,  and  then  again  decreases.  Curves 
and  tables  exhibiting  this  have  been  given  elsewhere  {Phot.  Journ., 
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1904,  44,  291),  and  it  appears  that  the  parallelism  of  the  curves 
applies  rather  to  the  logA'  axis,  that  is,  for  the  same  density  on  each 
curve  Alog^  is  constant.  Consequently  for  the  period  that  D  is 
proportional  to  log^,  Ai>  is  constant.  It  will  be  seen  later  that  this 
effect  is  in  agreement  with  the  results  from  the  "times  of  appear- 
ance," where  it  is  shown  that  the  "  retardation  time "  x  \ogE  is 
constant.  Both  these  relations,  however,  are  but  approximations 
when  the  range  of  illumination  is  greatly  extended.  The  reason  for 
this  will  be  discussed  later. 

Influence  of  Bromide  on  the  Velocity  of  Develo2)me7it. 

From  the  data  obtained  and  the  results  in  Table  VI  the  density- 
time  or  velocity  curves  can  be  constructed  for  exposures  from 
log^=l*36  to  3-01,  over  which  range  the  equation  i>  = -y(log^  —  log  i) 
holds.  With  Table  VIII,  curves  for  log^=3-01,  2-14,  and  1-36  are 
given,  the  values  of  y  and  log  i  being  taken  from  Table  VI. 


Table  VIII. 

No. 

Logs. 
3-01 
3-01 
3-01 

Time 

in  minutes. 

of  Br. 
0 

N/200 
NjlOO 

2. 
1-186 
0-708 

3. 

2-01 
1-39 
1-202 

4. 
2-23 
2-06 
1-89 

5. 

2-54 

6. 

3-04 

2-904 

2-70 

8. 
3-62 
3-50 
3-39 

12. 
4-02 
3-94 
3-84 

00  • 

6-84 
6-84 
6-84 

0 

iV/200 

2-14 
2-14 
2-14 

0-673 
0-195 

1-14 
0-52 
0-33 

1-265 

1-11 

0-93 

1-31 

1-72 

1-584 
1-48 

2-08 
1-93 
1-82 

2-28 
2-20 
2-10 

3-88 
3-88 
3-88 

0 

iV/200 
N/IOQ 

1-36 
1-36 
1-36 

0-223 

0-360 

0-40 
0-25 
0-06 

See  curve 

0-224 
2. 

0-54 
0-41 
0-204 

0-65 
0-53 
0-42 

0-72 
0-64 
0-54 

1-225 
1-225 
1-225 

From  this  table  and  curve,  the  nature  of  the  retardation  produced 
by  bromide  is  obvious.  Whilst  with  no  bromide  every  density  groivs 
pj'oportio7iately  from  the  start,  the  presence  of  bromide  causes  an  initial 
inductio7i  or  retardation-period,  the  length  of  which  depends  both  on  the 
exposure  and  on  the  concentration  of  the  bromide.  It  seems  probable 
that  this  induction,  which  was  indicated  by  the  theoretical  discussion 
on  p.  1316,  is  primarily  due  to  the  time  required  for  the  first  pre- 
cipitation of  metallic  silver.  Theories  as  to  the  mechanism  of 
development  (Ostwald,  Lehrbuch,  1893,  ii,  (i),  1078  ;  Abegg,  Arch, 
wiss.  Phot.,  1899,  i,  15;  K.  Schaum,  ibid.,  1900,  ii,  9)  have  generally 
assumed  that  the  reduction  of  the  silver  ion  leads  to  the  formation  of 
a  supersaturated  solution  of  metallic  silver,  which  is  then  deposited 
locally  according  to  some  function  of  the  exposure.     Now,  in  the  early 
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discussion  of  reversibility,  it  was  assumed  that  equilibrium  was 
reached  iu  the  pi-esence  of  metallic  silver  in  solid  form,  the  concen- 
tration of  this  in  solution  being  then  constant.  But  if  silver  be  not 
present  in  solid  form,  its  concentration  may  pass  the  equilibrium  con- 
centration until  a  meta-stable  limit  is  reached.  As  a  result,  the 
reverse  reaction  is   greatly  accelerated,   its  velocity  being   given  by 

The  only  quantitative  experiments  bearing  on  the  meta-stable  limit 

Curve  2. — Effect  of  time  of  development  with  and  without  bromide. 
X  =  0  Bromide.     O  =  i\7200  Br.     •  =  iV^/50  Br. 
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are  those  of  Morse  and  Pierce  {Zeit.  phT/sikcd.  Chem.,  1904,  45,  600) 
with  silver  chromate  in  gelatin  ;  they  found  that  the  solution  might 
contain  silver  chromate  up  to  150  times  the  saturation  concentration. 
It  will  be  seen  how  greatly  the  velocity  of  the  reverse  reaction  may 
be  increased  under  these  conditions. 

The  Function  of  the   ^^ Latent-image^'   in  Development. 
From  Wilderman's  researches  on  heterogeneous  reactions,  the  rate 
of     deposition    of    metallic    silver    from    a     solution    is     given    by 

-TT  =  {S  +  K){c  -  Cq),  where   *S'  is  the  surface  of  solid   silver   formed. 
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c  -  Cq,  the  difference  between  the  concentration  at  time  t  and  at  equi- 
librium, and  K,  a  characteristic  "  instability-constant,"  which  ex- 
presses the  fact  that  silver  is  ultimately  deposited  from  its 
supei'saturated  solution  in  absence  of  its  solid  form.  The  photogra2)hic 
latent-image  may  he  regarded  as  iilaying  the  imrt  of  this  instability 
constant  in  development. 

Moreover,  both  from  microscopical  and  dynamical  experiments,  the 
author  has  shown  {Proc.  Roy.  Soc,  1905,  76,  217—234)  that 
the  halide  grain  is  the  unit  to  be  considered  in  development,  and 
that  the  more  exposed  grains  start  the  development  first,  that  is,  are 
more  reactive.  Hence,  A",  the  instability  constant,  is  a  steady 
function  of  the  exposure.  We  may  now  picture  the  process  of 
development  somewhat  more  definitely.  In  the  first  act,  a  super- 
saturated solution  of  silver  is  formed,  the  time  depending  chiefly  on 
chemical  velocities.  When  the  concentration  has  reached  a  certain 
limit,  depending  on  K,  and  hence  on  the  exposure,  metallic  silver  is 
deposited ;  by  the  consequent  lowering  of  the  reverse  velocity,  the 
total  chemical  velocity  is  greatly  increased,  as  also  that  of  the  velocity 
of  silver  deposition,  the  deposited  silver  acting  autocatalytically  in 
the  sense  of  the  silver  germ  theory  of  development,  but  only  for  the 
individual  grain.  Such  autocatalysis  in  heterogeneous  systems  is 
already  well  known,  as  in  the  decomposition  of  thiosulphates  by  acids 
(Foussereau,  cited  by  Ostwald  in  Lehrbuch,  2nd  edit.,  2nd  pt.,  p.  300) 
or  in  the  thermal  decomposition  of  antimony  hydride  (Bodenstein, 
Zeit.  physikal.  Chem.,  1904,  49,  42).  It  then  appears  that  the  chemical 
velocity  is  so  accelerated  shortly  after  the  first  deposition  of  metallic 
silver  that  it  becomes  very  fast  compared  with  the  diffusion  of  the 
reducer,  so  that  in  the  latter  stages  of  development  bromide  has  but 
little  influence.  This  agrees  with  the  trend  of  the  curves  and  also 
with  the  fact  {Phot.  Journ.,  1904,  290)  that  bromide  added  after 
the  commencement  of  development  has  very  little  effect.  In  this 
period,  the  rate  of  development  depends  on  the  diffusion  of  the 
developer  to  the  affected  halide  grains,  which  process  is  represented 

by   the   equation  1/ilog  y: — ^ZT)  ^  ^^-     ^^^^  ^^1  allow  to  some  extent 

for  the  initial  induction  by  writing  this,  log  ^^ — ^-^   =   K(t-a),  and 

we  have  to  find  how  a,  the  initial  induction,  depends  on  the  exposure 
and  the  concentration  of  the  bromide.  This  may  be  done  in  part  by 
graphic  extrapolation  of  the  velocity-curves  to  the  time  axis.  But, 
besides  the  uncertainty  of  this  procedure,  it  has  been  shown,  in  the 
second  of  two  papers  to  the  Royal  Society  on  development  {Proc.  Roy. 
Soc,  1905,  76,  217),  that  the  "time  of  appearance"  of  the  image 
measures  the  velocity  of  development  in  the  initial  period,  and 
VOL.   LXXXVII.  4   T 
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that  under  certain  conditions  trustworthy  experimental  results  are 
obtainable.  The  effect  of  bromide  on  the  "  time  of  appearance  "  has 
therefore  been  determined  experimentally  both  for  different  exposures 
and  different  concentrations  of  bromide. 


Varying  Concentration  of  Bromide. 

Developed  in  Xjl^-^  ferrous  oxalate  as  before. 

Exposure :  as  the  effect  of  this  is  relatively  less  at  high  exposures, 
the  plates  were  exposed  300  candle-meter  seconds.  The  plate  first 
used  was  Wratten-speed. 

The  data  for  one  series  of  experiments  are  given  in  Table  IX. 
Owing  to  the  extended  range  of  concentration  tried  for  constructing  a 
curve,  the  "  time  of  appearance "  was  plotted  against  the  logarithm 
of  the  bromide  concentration.  It  was  then  seen  that  for  a  consider- 
able range  the  relation  was  nearly  linear,  failing  about  i\720,  the 
retardation  then  increasing  more  rapidly.     This  relation  may  be  shown 

by  putting  —  =  T  and  calculating    from  the  formula   riogj(j[Br  = 

constant  A.     The  i-esults  are  shown  in  the  table. 


Table  IX.— I' 

ri  =  Mean   Value  in 

Seconds. 

Conceutration. 

Log  [Br  X  10. 

A. 

Ta^ 

F  observed. 

r  calculated 

0          normal 

_ 

_ 

14-8  seconds 

6-57 

_ 

0 

0005     , 

0-699 

3-23 

21-6       „ 

4-62 

5-12 

0 

0010     , 

1-000 

3-51 

28-5       ,, 

3-51 

3-58 

0 

0015     , 

1-176 

3-70 

31-6       „ 

3-]6 

3-05 

0 

0020     , 

1-301 

3-90 

33-2       „ 

3-01 

2-75 

0 

0025     , 

1-398 

3-64 

38-5       „ 

2-60 

2-56 

0 

0040     , 

1-602 

3-44 

46-4       ,, 

2-15 

2-23 

0 

0050     , 

1-699 

3-50 

48-5       ,, 

2-06 

2-11 

0 

0100     , 

2-000 

3-70 

53-5       ,, 

1-87 

1-79 

0 

0150     , 

2-176 

3-72 

58-1 

1-72 

1-65 

0 

0200     , 

2-301 

3 -SO 

60-5       „ 

1  -65 

1-56 

0 

0250     , 

2-398 

3-72 

64-5       „ 

1  -55 

1-49 

0 

0400     , 

2-602 

3-28 

79-6       ,, 

1-26 

1-38 

0 

0500     , 

2-699 

3-25 

84-2       „ 

1-19 

1-28 

0-1000     , 

3-000 

— 

101-8       ,, 

0-98 

— 

A  = 

358. 

See  curve  3. 

Similar  results  were  obtained  on  other  plates,  and  it  appears  that 
up  to  iV/25  bromide  the  "  time  of  appearance  "  is  a  linear  function 
of  the  logarithm  of  the  bromide,  that  is,  Ta=  alog[Br-f-6,  where  a 
and  h  are  constants,  h  depending  on  the  exposure  and  expressing  the 
value  of  Ta  when  [Br  is  zero,  a  a  function  of  the  exposure  and  the 
plate.  This  was  further  investigated  by  measuring  the  influence  of 
bromide  on  the  value  of  Ta  for  tones  due  to  increasing  exposures. 
Plates  exposed  in   the  sensitometer  or  behind  an  intensity  scale  were 
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developed  with  increasing  quantities  of  bromide  and  the  relative 
times  of  appearance  observed.  For  this,  the  following  special  apparatus 
was  used. 

A  clockwork  motor  drove  a  tape  continuously  beneath  two  pens, 
both  i-ecording  lines  on  it.  Each  pen  was  connected  to  the  armature 
of  a  separate  small  electro-magnet  in  circuit  with  an  accumulator. 
The  current  for  one  ran  through  a  clock  which  made  a  contact  every 
second,  thus  marking  off  seconds  on  the  tape  ;  contact  for  the  other 
could  be  made  by  means  of  a  key  which  was  tapped  at  the  time  of 
appearance  of  each  tone.      The   plates    were    developed    in    a    dish 

Curve  3. — Effect  of  hromide  on  the  ^^  time  of  appearance." 


Lugarithiii  of  hromide  concentration. 

rocked  before  a    lamp  giving  as  much  steady  red   light    as  possible 
I    without  fogging  the  plates.     The  experiments  were  by  no  means  easy 

is   to  perform  and  there  were  many  failures.     The  uncertainty  as  to  the 
exact  time  of  appearance  is  considerably  increased   when    there  are 
several  tones  in   juxtaposition,  and  it  appears  now   that   fewer  tones 
I  partially  separated  on  the  plate  would   give  a  better  result.     Curves 
I   were  constructed  in  which  the  value  of  Ta  was  plotted  against  the 
logarithm  of    the  exposure.     These    are    similar    to    the    Hurter  and 
Driffield  curves,  and  show  that  in   normal   development  the  time  of 
I   appearance  is  inversely  as  the  final  density  (see  following  table). 


4  T  2 
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Table  X. 


No. 

1. 

2. 

3. 

4. 

5. 

G. 

7. 

8. 

9. 

Loa  E     .      . 

3-31 
30-1 

1-020 
30-4 

3-01 
32-5 

1-00 
32-5 

2-72 
45-1 

0-707 
31-9 

2-42 
55-3 

0-580 
32-0 

2-14 
90-0 

0-350 
31-4 

1-80 
115-2 

0-287 
33-1 

1-575 
134-9 

0-244 
33-0 

1-36 
144-0 
0-215 
30-9 

1-00 

'fa  in  seconds 
D 

TaXD 

160-0 
0-178 

27-8 

The  influence  of  bromide  Avas  tested  from  iVyiOOO  to  i\7125,  the 
developer  being  iV/25  and  the  exposure  given  by  an  intensity  scale. 

Table  XI. — Ta  in  Seconds. 


To. 

Logs 

^V«=- 

i\71000. 

i\7500. 

i\7250. 

A7125 

1 

3-80 

12-8 

21-6 

26-5 

31-5 

37-9 

2 

3-46 

14-0 

22-3 

28-8 

32-5 

39-3 

3 

3-30 

14-7 

23-6 

30-0 

36-5 

42-9 

4 

3-13 

17-9 

27-8 

30-5 

41-5 

52-4 

5 

2-79 

22-0 

30-0 

34-5 

47-0 

60-8 

6 

•     2-41 

24-8 

32-6 

39-7 

62  0 

74-0 

7 

2-OG 

27-6 

40-2 

50-8 

79-6 

84-2 

8 

1-72 

37-0 

57-6 

68-7 

90-0 

107-6 

9 

1-34 

45-0 

70-0 

79-8 

110-3 

— 

From  these  numbers  the  retardation  time  was  obtained,  that  is,  7',, 
for  no  bromide  -  l\o  for  jY  bromide  solution.  Multiplying  this  value 
by  the  exposure  logarithm,  the  following  table  was  obtained. 


Table  XII. 

—A  =  1\ 

X  lot 

n. 

No. 

Log^. 

iV/lOOO. 

A7500. 

iV/250. 

iV/r25 

1 

3-80 

33-5 

52 

0 

71-2 

95-5 

2 

3-46 

25-3 

51 

2 

66-0 

87-5 

3 

3-30 

29-4 

50 

0 

72-0 

93-0 

4 

3-13 

31-3 

39 

8 

74  2 

108-0 

5 

2-79 

22-3 

35 

0 

69-7 

108-2 

6 

2-41 

21-8 

34 

9 

106-8 

137-1 

7 

2-06 

26-0 

47 

4 

107-0 

116  5 

8 

1-72 

33-7 

54 

5 

91-0 

121-0 

9 

1-34 

33-5 

45 

6 

87-2 

— 

Mean     31  0 


45-7 


108-7 


In  spite  of  considerable  fluctuations,  probably  not  outside  the 
experimental  error,  we  may  conclude  that  for  a  considerable  range  the 
retardation  is  inversely  as  the  logarithm  of  the  exposure.  It  has 
been  previously  shown  that  for  a  single  exposure  the  retardation  is 
directly  proportional  to  the  logarithm  of  the  bromide  concentration. 
This  was  conflrmed  for  the  new  series,  the  main  deviations  occurring 
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with  lower  exposures,  where  the  errors  are  greatest.  In  general, 
therefore,  the  retardation  clue  to  bromide  may  be  expressed  as 

and  as  a  first  approximation  we  find 

T  =T  ' -T  =  ^^°g|^^^ 
"       log^  ' 

where  c  is  a  constant  and  T^  and  Ta  the  "  times  of  appearance  "  in  a 
bromided  and  non-bromided  developer  respectively.  Graphic  extrapo- 
lation of  the  curves  from  Table  VI  gave  results  in  fair  agreement 
with  this,  to  which,  however,  but  little  weight  can  be  attached.  The 
velocity-formula  may  therefore  be  written 

log     ^^      =  K{t  -  t,)  =  kU -  -^M]B£\  . 
^D^  -U        ^       '^        V        log^    J' 

this  explains  the  parallel  shifting  of  the  exposure  curves  and  the 
"  regression  "  of  the  inertia  to  its  true  value  with  infinite  development, 
since  t,.  becomes  increasingly  less  important  as  t  increases.  But,  as 
stated  before,  a  better  empirical  formula  for  the  velocity  is  given  by 

for  t=  -jQ  or  [Br  =  0  this  reduces  to  D  =  D^  (1  -  e~-^'*),  or 

i  log     —  50„  =  K, 
t     ^  D^  -D 

whilst  for  the  retardation  time  t,-,  since  D  =  0  we  get 

whence 

^4-/nog^  =  ^^'"^«gtBr^A-qog[Br 
"         logZ?^  <f.{E)     ' 

a  form  not  very  different  from  the  former. 
This  equation, 

obtained  from  the  data  in  Tables  Yl  and  YII,  expresses  the  fact  that 
the  velocity  is  retarded  at  the  start  by  the  reverse  reaction,  but  that 
as  metallic  silver  is  deposited  the  reaction  is  accelerated,  until  ulti- 
mately its  course  is  described  by  the  diffusion-equation  alone.  Gener- 
ally speaking,  the  problem  is  to  "  couple  "  the  effects  due  to  diffusion 
and  chemical  reaction. 
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That  the  retarding  effect  is  due  to  the  free  bromide  ion  appears 
probable  from  the  following  results.  The  plates  were  developed  for 
3'0  minutes  at  20°  in  NjlO  ferrous  oxalate,  one  with  no  bromide,  the 
others  in  iV/lOO  solutions  with  respect  to  the  bromine  atom.  It  will 
be  seen  that  the  bromides  of  sodium,  lithium,  and  ammonium  give 
practically  equal  depressions,  that  due  to  potassium  bromide  is 
slightly  less,  whilst  cadmium  bromide  at  the  same  equivalent  concen- 
tration gives  a  much  lower  depression. 


Table  XIII. 


No. 
1 
2 
3 
4 
5 
6 
7 


Log^. 
1-00 
1-36 
1-575 
1-80 
2-14 
2  42 
2-72 
3-01 
3-30 


0-020 
0-080 
0-175 
0-326 
0-520 
0-722 
0-930 
1-099 
1-312 


KBi 


Mean  aB 
for  constant  period 


NaCr 


AZ)for 


LiBr. 


NHiBr.       iCdBrn. 


0-020 

0-019 

0-020 

0-020 

0-020 

0-065 

0-080 

0-080 

0-072 

0045 

0-135 

0-145 

0-130 

0-124 

0-146 

0-216 

0-280 

0-290 

0-282 

0-178 

0  282 

0-290 

0-295 

0-286 

0-180 

0-302 

0-294 

0-310 

0-290 

0-183 

0-312 

0-320 

0-318 

0-325 

0-194 

0-266 

0-312 

0-320 

0-321 

0187 

0-280 

0-300 

0-300 

0-297 

0-182 

0-290 

0-300 

0-303 

0-300 

0-184 

The  much  slighter  effect  produced  by  cadmium  bromide  is  no  doubt 
due  to  its  smaller  ionisation  and  to  its  tendency  to  form  complex  ions, 
such  as  CdBrg',  CdBr^". 

The  Nature  of  the  Latent  Image. 

Although  not  giving  positive  evidence  as  to  this,  both  portions  of 
the  foregoing  investigation  tend  on  the  whole  to  the  exclusion  of  the 
view  that  the  latent  image  consists  of  metallic  silver.  In  the  first 
place,  the  oxidising  ferric-ferrous  oxalate  solutions,  which  bleached 
negatives  and  would  not  develop,  had  no  destructive  effect  on  the 
latent  image,  the  potential  of  which  is  therefore  very  different  from 
that  of  metallic  silver.  Secondly,  the  initial  induction  in  development 
rendered  evident  by  bromide  is  hardly  consistent  with  this  view,  which 
has  indeed  been  generally  abandoned  since  Luther's  work. 


'^ NormaV  and  "Retarded"  Develojwient. 

The  distinction  has  sometimes  been  somewhat  vaguely  made  between 
"normal"  and  "retarded"  development  (J.  Precht,  Zeit.  wiss.  Fhot., 
i,  262).  The  results  obtained  in  the  present  work  allow  us  to  give 
some  degree  of  precision  to  these  terms.  In  normal  development,  the 
density  growth  is  conditioned   by  diffusion  processes  ;  the  exposure 
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only  determines  the  number  of  grains  available  for  development,  and 
hence  the  density  ratios  are  constant.  In  retarded  development,  the 
chemical  velocity  is  comparable  with  or  less  than  that  of  diffusion ;  in 
consequence,  not  only  the  number,  but  also  the  varying  reactivity  of 
the  silver  halide  grains  comes  into  play,  resulting  in  different  scales  of 
gradation  for  different  stages  of  development. 

As  was  stated  earlier,  the  complete  effect  of  bromide  on  the  expo- 
sure curve  cannot  be  represented  by  any  one  simple  expression  over 
the  whole  range,  the  best  approximation  being  that  Alog^  is  constant, 
that  is,  the  curve  is  shifted  parallel  along  the  exposure  axis.  Hurter 
and  Driffield  rej^resented  the  action  of  light  on  the  plate  by  the 
equation  : 

dt  €^  '^  " 

which  on  integration,  writing 


K{\-ay 
gives 

D    =   rlog,[;.-0.-l)/3i], 
I-  ^  J 

where  i)  is  the  opacity  of  the  plate  to   actinic  light,  \ogM  = and 

P 
It  =  U,  the  exposure,  and  i  is  the  inertia.  Now  this  equation  repre- 
sents the  action  fairly  well  for  normal  development,  but  fails  for 
retarded,  the  reason  being  that  it  is  assumed  in  its  derivation 
that  the  energy  required  to  make  dx  developable  is  fixed,  that  is,  the 
reactivity  of  all  grains  is  the  same.  Taking  a  chemical  view  of  the 
latent  image,  the  reactivity  of  a  grain  expresses  the  amount  of  the 
photo-product,  the  mass  of  which  per  grain  continues  to  increase  when 
the  number  of  grains  rendered  available  for  development  has,  in 
agreement  with  the  above  equation,  reached  a  maximum. 

It  will  be  seen  that  the  phenomena  in  development  brought  forward 
are  in  full  accord  with  the  "  silver  germ  "  theory  proposed  by  Ostwald 
and  Abegg,  and  modified  by  K.  Schaum  (Arch.  wiss.  Phot.,  loc.  cit.).* 

In  many  cases  in  heterogeneous  reactions,  it  is  difficult  to  decide 
whether  the  velocity  is  that  of  the  chemical  reaction  or  of  diffusion. 
The  present  work  shows  that  if  the  concentration  of  the  component 
present  as  solid  phase  can  be  altered  or  if  the  reaction-products  are 
added  and  either  of  these  operations  change  the  velocity,  then  this 
depends  in  part  on  the  chemical  reaction. 

As  another  example,  the  author  has  recently  measured  the  velocity 
of  solution  of  silver  bromide  in  gelatin  by  thiosulphate,  and  finds  this 
*  Not  to  be  confounded  with  the  "silver-germ  "  theory  of  the  latent  image. 
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to  be  absolutely  unaffected  by  the  presence  of  bromide  ions  up  to  JV/IO 
concentration.  The  velocity  depends  entirely  on  the  diffusion  of  the 
thiosulphate,  and  differs  in  many  respects  from  development. 

The  foregoing  investigation  has  important  bearings  on  many  points 
in  photographic  practice  which  cannot  be  dealt  with  here.  From  a 
general  photochemical  standpoint,  it  is  of  interest  as  bearing  on  the 
vexed  question  of  the  photographic  latent  image  and  its  function  in 
inducing  development.  As  a  study  in  chemical  dynamics,  it  affords 
an  interesting  case  of  the  "  coupling  "  of  diffusion  and  chemical 
velocity  in  a  heterogeneous  reaction. 

In  conclusion,  the  author  desires  to  express  his  great  thanks  to 
Sir  William  Ramsay,  K.C.B.,  F.R.S.,  for  his  interest  in  the  investiga- 
"tion  and  for  revising  the  MS.  of  the  paper. 

Chemical  Departmrnt, 

University  College, 
London. 


CXXXIL — The  Ultra-violet  Ahsorptioii  Sj^ectra  of 
Aromatic  Compounds.  Part  I.  Benzene  and 
certain  Mono- substituted  Derivatives. 

By  Edward  Charles  Cyril  Baly  and  John  Norman  Collie. 

In  previous  papers  by  one  of  us  together  with  Dr.  C.  H.  Desch  (Trans., 
1904,  85,  1029,  and  1905,  87,  766),  the  view  was  put  forward  that 
the  absorption  bands  in  the  ultra-violet  absorption  spectra  of  organic 
compounds  are  due  to  the  existence  of  tautomeric  processes  within  the 
molecule.  It  was  proved  beyond  a  doubt  in  the  case  of  certain 
aliphatic  enol-keto-tautomerides  that  neither  the  pure  enol  nor  the 
pure  ketonic  modification  gives  an  absorption  band,  but  that  the 
existence  of  the  two  forms  in  equilibrium  with  one  another  gives  rise 
to  a  well-marked  absorption  band.  These  absorption  bands  were 
traced  to  the  phenomena  involved  in  the  change  of  linking  about  the 
carbon  and  oxygen  atoms,  that  is  to  say,  the  phenomena  connected 
with  the  reversible  process  : 

-CHa'CO-  —  -ch:c(oh)-. 

It  was  pointed  out  that  the  absorption  band  cannot  in  any  way  be 
directly  due  to  the  wandering  of  the  labile  atom  in  these  compounds, 
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for,  apart  from  the  fact  that  the  frequency  of  the  band  is  independent 
of  the  mass  of  this  atom,  it  is  quite  impossible  to  draw  any  comparison 
between  the  oscillation-frequency  of  the  labile  atom  and  the  oscillation- 
frequency  of  the  light  waves  absorbed.  An  explanation  of  the  absorp- 
tion of  the  light  was  suggested,  based  on  the  possible  disturbance  of 
the  electrons  of  the  atoms  by  changes  in  the  electric  field  produced  by 
the  migration  of  the  double  bond.  Whatever  may  be  the  explanation, 
it  is  evident  that  there  is  a  free  period  of  vibration  connected  with  the 
tautomeric  change,  the  frequency  of  which  is  equal  to  that  of  the  light 
absorbed. 

It  is  perhaps  not  superfluous  to  point  out  that  the  reasoning 
advanced  in  the  previous  papers  naturally  only  refers  to  the  conditions 
when  the  substances  are  absorbing  the  light.  The  vibrations  causing 
the  absorption  must  cease  when  the  incident  light  is  removed,  as 
otherwise  the  substances  would  be  self-luminous  in  the  dark.  The 
same  remarks  apply  to  all  substances  showing  selective  absorption, 
such  as  oxygen,  sodium  vapour,  iodine  vapour,  and  many  others ; 
these  substances  possess  some  form  of  free  periods  of  vibrations  which 
are  synchronous  with  certain  rays  of  light,  so  that  these  rays  are 
absorbed  when  white  light  passes  through  them,  and  when  these  sub- 
stances are  put  into  the  dark  the  vibrations  which  cause  the  absorption 
of  light  must  cease,  for  if  they  did  not  cease  the  molecules  would  be 
self-luminous.  One  may  perhaps  draw  an  analogy  between  this 
absorption  of  light  and  the  absorption  of  sound  by  tuning-forks.  A 
system  of  tuning-forks  each  free  to  move  and  of  the  same  pitch  would 
have  a  free  period  of  vibration  corresponding  to  this  pitch.  Such  a 
system  would  at  once  absorb  any  sound-waves  of  the  same  pitch,  but 
would  not  when  undisturbed  give  out  any  sound. 

It  is  evident,  therefore,  that  the  vibration  which  is  set  up  in  the 
tautomeric  substances  must  cease  when  no  light  is  being  absorbed  ; 
possibly  this  means  that  the  process  of  tautomerism  itself  is  dependent 
on  the  absorption  of  light  and  ceases  when  the  incident  light  is 
removed.  If  this  were  the  case,  it  would  be  possible  to  co-ordinate 
the  results  given  by  the  absorption  spectra  and  those  found  by  Brlihl, 
who  used  the  refractive  indices  method.  For  example,  Brlihl  has 
found  that  the  sodium  derivatives  are  purely  enolic,  whilst  the  absorp- 
tion spectra  have  shown  that  the  metallic  salts  are  mixtures  of  the  two 
desmotropic  forms.  It  may  be  that  the  more  stable  form  of  the 
metallic  derivatives,  when  shielded  from  viltra-violet  light,  is  the  enol 
form,  but  that  when  these  compounds  are  exposed  to  ultra-violet  light 
an  equilibrium  mixture  of  the  two  forms  is  obtained  owing  to  the 
existence  of  the  free  period  connected  with  the  migration  of  the  double 
bond.  In  the  present  state  of  our  knowledge,  it  is  not  possible  to 
speak  definitely  on  this  point.     All  we  can  say  with  certainty  is,  that 
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under  the  influence  of  ultra-violefc  light  the  metallic  derivatives  of  the 
aliphatic  tautomeric  compounds  and  some  of  the  parent  compounds  are 
equilibrium  mixtures  of  the  ketonic  and  enolic  forms,  and  that  the 
existence  of  the  equilibrium  mixture  gives  I'ise  to  an  absorption  band 
the  frequency  of  which  bears  no  relation  to  the  mass  of  the  labile 
atom. 

Again,  in  the  case  of  those  tautomeric  compounds  which  fluoresce 
when  exposed  to  light,  it  is  evident  that  there  is  present  a  second  free 
period  of  vibration  of  the  same  frequency  as  the  fluorescent  rays. 
Further,  this  second  free  period  is  entirely  dependent  on  the  first 
free  period,  because  the  compounds  never  fluoresce  unless  they  are 
exposed  to  light  of  the  same  frequency  as  the  first  free  period,  that  is  to 
say,  unless  they  are  absorbing  light  corresponding  to  the  first  free 
period.  Such  a  fluorescent  substance,  therefore,  which  has  two  free 
periods,  should  exhibit  two  absorption  bands,  one  for  each  free  period, 
but  the  absorption  corresponding  to  the  second  free  period  should  be 
very  much  weaker  than  that  due  to  the  first  free  period,  because  the 
fluorescent  light  emitted  by  these  substances  is  very  faint  in  comparison 
with  the  intensity  of  the  incident  light ;  the  absorption  due  to  the 
second  free  period  should,  moreover,  only  be  visible  when  the  first  free 
period  is  strongly  excited.  Recently,  Nichols  and  Merritt  (^Physical 
Review,  1904,  18,  44)  have  investigated  fluorescein,  and  its  absorption 
power  was  spectrophotometrically  determined  both  under  ordinary 
conditions  and  also  when  fluorescence  was  caused  by  a  second  light 
beam.  They  found  that  in  the  second  case  a  new  and  well-defined 
absorption  band  was  develojied,  the  extent  of  which  was  approximately 
that  of  the  fluorescent  light ;  this  result  has  been  confirmed  in  the 
case  of  several  other  compounds. 

Now,  it  was  shown  in  the  previous  papers  that  the  change  of  linking 
could  be  produced  either  by  the  wandering  of  labile  atoms,  as  in  the 
aliphatic  tautomeric  compounds,  or  by  the  internal  motions  of  the 
benzene  molecule,  which  result  in  the  migration  of  the  three  double 
linkings,  a  migration  which  was  clearly  foreseen  by  Kekule.  That 
there  can  be  no  movement  of  the  atoms  in  the  benzene  molecules  is 
contrary  to  our  modern  ideas  of  molecular  conditions  and  is  also  a': 
variance  with  all  the  known  properties  of  benzene  compounds.  That 
such  motion  is  perpetually  taking  place  in  the  benzene  molecule  was 
strongly  advocated  by  one  of  us  (Collie,  Trans.,  1897,  71,  1013),  and 
it  was  shown  that  the  Kekul6,  centric,  diagonal,  and  many  other 
formulae  that  have  been  suggested  for  benzene  represent  only  phases  in 
the  motion  of  the  benzene  molecule.  In  the  previous  papers,  the 
selective  absorption  of  many  aliphatic  tautomeric  compounds  was 
dealt  with,  and  in  the  present  paper  we  show  how  this  view  of  the 
origin  of  the  absorption  bands  may  be  applied  specifically  to  benzene, 
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also  how  the  absorption  bands  of  tliis  substance  may  be  accounted  for. 
"We  also  have  investigated  the  absorption  of  certain  benzene  derivatives 
with  a  view  of  elucidating  the  influence  which  substitution  in  the 
benzene  ring  exerts  on  the  absorption  spectrum  of  benzene. 

Now,  Hartley  and  Huntington  {Phil.  Trans.,  1879,170,  i,  257)  showed 
that  benzene  produces  seven  absorption  bands,  and  in  a  later  paper 
Hartley  and  Dobbie  (Trans.,  1898,  73,  695)  described  only  six  of  these 
absorption  bands.  We  must  therefore  account  for  at  least  six  different 
processes  analogous  to  those  taking  place  in  the  simple  tautomeric 
substances,  that  is  to  say,  there  must  be  at  least  six  separate  and  distinct 
processes  of  making  and  breaking  bonds  taking  place  as  a  result  of 
the  internal  motions  of  the  benzene  ring.  At  first  sight,  the  fact  of  there 
being  six  carbon  atoms  in  the  ring  and  possibly  six  absorption  bands 
suggests  that  the  change  of  linking  about  each  carbon  atom  produces 
an  absorption  band.  It  would,  however,  be  impossible  to  conceive  of 
any  sufficiently  definite  differences  between  the  linking  changes  around 
the  six  atoms  to  justify  the  existence  of  a  separate  absorption  band  for 
each.  In  the  light  of  the  work  on  the  aliphatic  tautomeric  compounds, 
it  is  only  possible  for  us  to  establish  all  the  possible  phases  of  linking 
change  and  to  attribute  a  band  to  each.  Now,  in  considering  all  this 
possible  making  and  breaking  of  links,  we  are  justified  in  assuming 
that  an  even  number  of  carbon  atoms  is  concerned  in  each  individuHl 
process.  The  process  in  the  aliphatic  compounds,  on  being  reduced  to 
its  simplest  terms,  consists  of  at  least  two  separate  items,  namely,  the 
make  and  break  between  the  two  carbon  atoms  and  that  between  the 
carbon  and  the  oxygen  atoms,  thus  : 

*       *  * 

-CH-c-         ,       -ch:c- 

H  0  ""^  H  O-  ' 

the  stars  being  attached  to  those  atoms  which  are  undergoing  the 
linking  change. 

In  applying  this  to  benzene,  we  may  therefore  differentiate  between 
the  transition  phases  in  which  any  pair  of  the  carbon  atoms  or  any 
four  or  all  of  the  six  are  concerned.  The  various  transition  phases 
may  therefore  be  represented  as  follows  : 

*  *  *  * 

c  c  c  u 

c/Nc 


<> 
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the  stars  again  being  attached  to  those  carbon  atoms  which  are  con- 
cerned in  the  process. 

These  seven  forms  represent  all  the  possible  conditions  of  making 
and  breaking  the  linkings  which  can  occur,  and  at  the  same  time  they 
are  so  far  diiferent  in  character  as  to  justify  the  view  that  each  of 
them  is  the  origin  of  a  separate  absorption  band.  Now,  it  was  stated 
above  that  Hartley  and  Huntington  described  seven  absorption  bands 
of  benzene  and  that  Hartley  and  Dobbie  found  only  six.  If  our  notion 
were  true,  there  should  be  seven  of  these  bands,  one  for  each  of  the 
above  phases.  We  felt  such  confidence  in  the  above  explanation  that  we 
have  re-examined  the  absorption  spectrum  of  benzene  in  order  to  find 
whether  Hartley  and  Huntington's  first  conclusion  is  not  the  correct 
one.  After  a  careful  examination  of  a  great  number  of  photographs 
of  the  absorption  spectrum  of  benzene,  we  found  the  undoubted 
presence  of  seven  bands  and  not  six.  The  agreement  between  the 
facts  and  the  theory  which  we  put  forward  is  too  striking  to  be 
attributed  to  chance. 

The  following  table  gives  the  oscillation  frequencies  of  the  heads  of 
the  bands  we  have  observed,  compared  with  those  described  by  Hartley. 
In  Hartley  and  Huntington's  paper,  no  measurements  of  the  fre- 
quencies of  the  bands  are  given,  and  in  Hartley  and  Dobbie's  paper 
the  measurements  of  the  actual  heads  of  the  bands  are  not  given,  but 
w^e  have  taken  the  means  of  the  limits  of  absorption  on  each  side  of 
the  bands  where  they  are  narrowest,  as  given  by  these  observers. 


and. 

H.  &D. 

B.  &C. 

1 

3710 

3725 

2 

3765 

3 

3833 

3830 

4 

3925 

3915 

5 

4014 

4025 

6 

4109 

4110 

7 

4205 

4200 

The  second  band  on  our  list  has  apparently  not  been  observed  by 
Hartley  and  Dobbie.  The  curve  of  absorption  we  obtained  with 
benzene  is  shown  in  Fig.  1,  which  shows  very  well  the  way  the 
bands  lie  with  regard  to  one  another. 
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We  make  no  attempt  at  present  to  oifer  any  explanation  as  to  how 
the  seven  phases  of  benzene  may  be  brought  about,  but  would  point 
out  that  they  must  be  the  result  of  some  form  of  motion  of  the  atoms 
in  the  molecule.  We  cannot  at  this  stage  of  our  knowledge  attribute 
one  of  these  bands  to  any  one  of  the  above  phases.  It  will  only  be 
possible  to  do  this  by  studying  the  spectra  of  substituted  benzene 
compounds,  and  observing  how  the  benzene  compounds  are  modified  or 
disturbed  by  the  presence  of  the  substituent  groups.  Although  many 
of  these  benzene  compounds  have  been  photographed  by  Hartley  and 
others  before,  yet  up  to  the  present  no  comparison  of  them  has  been 
made  either  with  one  another  or  with  benzene  itself. 

We  have  examined  the  absorption  spectra  of  a  great  number  of 
substituted  benzene  compounds  and  find  that,  especially  in  the  case  of 
the  mono-substituted  derivatives,  they  may  be  divided  very  sharply 
into  different  well-marked  types,  and  that  each  type  corresponds  to  a 
particular  condition  existing  in  the  side-chain,  in  fact  the  type  of 
absorption  seems  to  depend  on  whether  the  side-chain  is  satvirated 
or,  if  not,  on  the  position  and  character  of  the  unsaturated  atoms. 
In  this  paper  we  are  giving  an  account  of  the  absorption  spectra  of 
the  more  characteristic  types  in  the  case  of  the  mono-substituted 
derivatives. 

We  may  consider  first  the  spectra  of  the  mono-substituted  hydro- 
carbons of  the  benzene  series,  in  which  a  single  hydrogen  atom  has 
been  replaced  by  a  saturated  alkyl  group.  It  is  probable  that  the 
motions  of  the  benzene  ring  are  less  disturbed  in  these  compounds 
than  in  any  other  type,  for  we  have  the  single  hydrogen  atom  replaced 
by  a  group  that  is  neither  acid  nor  basic,  but  neutral,  or,  as  we  would 
prefer  to  call  it,  perfectly  saturated.  We  have  examined  the  spectra 
of  toluene,  ethylbenzene,  propylbenzene,  and  tert.-hntylhenzene,  and 
we  find  that  the  spectra  of  all  these  are  almost  identical.  In  each  case 
the  first  benzene  band  is  untouched,  and  in  the  last  three  the  second 
benzene  is  also  undisturbed,  but  in  the  case  of  toluene  this  band  is 
not  quite  so  persistent  as  it  is  in  the  case  of  the  other  compounds.  In 
all  the  four  substances  a  broad  band  is  exhibited,  covering  the  region 
where  the  remaining  five  bands  of  benzene  are  situated.  There  is 
little  doubt  that  these  bands  have  been  broadened  until  they  overlie 
each  other,  thus  forming  a  single  broad  band.  As  will  be  seen 
presently,  a  number  of  other  substances  belong  to  this  class  and  give 
very  similar  absorption  spectra.  The  following  conclusion  may  there- 
fore be  drawn,  that  the  introduction  of  a  single  saturated  alkyl  group 
into  the  benzene  ring  disturbs  the  benzene  bands  Nos.  3  to  7,  causing 
a  broad  band  to  appear  in  their  place.  Bands  Nos.  1  and  2  are 
unaffected  and  are  still  present.  The  absorption  curve  of  ethyl- 
benzene  is  shown  in  Fig.  2. 
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The  second  type  we  have  investigated  includes  those  compounds  in 
which  the  atom  of  the  substituent  gi'oup  next  to  the  benzene  nucleus  is 
unsaturated.  To  this  group  belongs  aniline,  which,  as  has  been  shown  by- 
Hartley  and  Huntington  {loc.  cit.),  is  characterised  by  a  single  very  broad 
band  of  considerable  persistence  which  covers  an  entirely  different  region 
from  that  occupied  by  the  seven  benzene  bands.  The  substitution 
of  a  hydrogen  atom  by  the  basic  nitrogen  atom  has  a  very  profound 
influence  on  the  spectrum.  That  this  band  is  due  in  some  way  to 
the  basic  character  of  the  nitrogen  atom  is  shown  by  photographing 
the  absorption  spectrum  of  aniline  in  the  presence  of  hydrochloric 
acid,  sufficient  hydrochloric  acid  being  used  to  convert  the  whole  of 
the  base  into  hydx^ochloride.  If  only  one  equivalent  of  hydrochloric 
acid  is  used,  there  is  sufficient  hydrolysis  to  vitiate  the  result.  As  is  to 
be  expected  when  sufficient  hydrochloric  acid  is  added  to  the  solution 
of  aniline,  the  spectrum  becomes  very  similar  to  those  of  the  first 
type ;  the  second  and  third  benzene  bands  are  developed  with  the 
simultaneous  disappearance  of  the  broad  band  characteristic  of  the 
basic  nitrogen  atom  in  the  a-position.  It  is  noteworthy  that  the  first 
benzene  band  seems  to  be  absent  in  this  spectrum.  The  absorption 
curve  of  aniline  in  presence  of  two  equivalents  of  hydrochloric  acid  is 
shown  in  Fig.  3. 

The  decrease  in  the  basicity  of  the  nitrogen  atom  by  the  replacing  of 
the  aminic  hydrogen  by  the  methyl  is  very  well  shown  by  the  absorption 
spectra,  since  the  persistence  of  the  absorption  band  is  decreased  by 
the  substitution  of  the  methyl  group.  Thus,  in  aniline,  the  persistence 
of  the  absorption  band  or  the  relative  change  of  dilutions  over  which 
it  is  visible  is  84  per  cent.,  in  methylaniline  it  is  73  per  cent.,  and  in 
dimethylaniline  it  is  only  50  per  cent.  The  introduction,  thei'efore,  of 
one  methyl  group  reduces  the  persistence  by  11  per  cent.,  and  two 
methyl  groups  decrease  it  by  34  per  cent.  It  is  very  interesting  to 
note  that  the  basicity  of  the  nitrogen  atom  in  dimethylaniline  has 
been  sufficiently  reduced  to  allow  the  spectrum  to  partake  also  of  the 
first  type.  It  will  be  seen,  on  reference  to  Fig.  5,  that  the  second 
benzene  band  has  just  begun  to  appear.  The  methyl  and  the  dimethyl 
compounds  in  the  presence  of  sufficient  hydrochloric  acid  (3  equivalents) 
give  a  very  similar  spectrum  to  aniline  hydrochloride,  that  is  to  say, 
the  spectrum  resembling  the  first  type.  We  may  therefore  conclude 
that  the  presence  of  unsaturated  nitrogen  in  the  a-position  gives  rise 
to  a  broad  band  with  its  head  at  3470  and  of  great  persistence. 

In  this  class  we  must  also  include  as  a  sub-group  compounds  con- 
taining oxygen  in  the  a-position,  for  example,  phenol,  anisole,  and 
phenetole,  and  certain  other  derivatives  of  similar  structure.  The 
spectra  of  anisole  and  phenetole  ai-e  shown  in  Fig.  4  and  are 
absolutely  identical,  as,  of  course,  would  be  expected  from  Hartley's 
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work.  The  spectrum  consists  of  a  broad  band  of  very  great  persist- 
ence, which  divides  into  two  bands  near  the  head.  Plienol  gives  a 
spectrum  which  is  the  same  as  this,  but  without  the  subdivision  into 
two  bands.  The  constitution  of  phenol,  therefore,  is  different  in  some 
way  from  that  of  anisole  and  phenetole.  This  difference  has  been 
traced  to  the  presence  of  a  certain  amount  of  tautomerism  in  phenol, 
and  the  whole  question  of  this  tautomerism  of  the  phenols  will  be 
treated  in  a  further  paper.  It  appears  that  it  is  the  band  with  head 
at  3610  which  is  characteristic,  for  it  is  exhibited  in  certain  other 
similar  compounds.  We  may  say,  therefore,  that  the  band  with 
head  at  3G05  is  chai'acteristic  of  an  unsaturated  atom  in  the  a-position, 
the  unsaturation  being  that  corresponding  to  an  oxidic  oxygen  and 
not  to  a  basic  nitrogen  atom.  This  band  is  present  in  cyanobenzene 
(Fig.  12),  in  which  the  carbon  atom  partakes  of  somewhat  the  same 
unsaturated  nature  as  does  the  oxygen  in  anisole ;  the  nitrogen  atom 
in  cyanobenzene  apparently  has  very  little  definite  influence.  Further, 
the  same  band  is  also  given  by  ethyl  phenoxylacetate. 

We  may  pass  next  to  the  compounds  containing  a  single  saturated 
atom  in  the  /3-position,  First  of  all,  we  may  take  those  compounds 
containing  the  oxidic  oxygen  in  the  yS-position,  for  example,  benzyl 
ethyl  ether  and  benzyl  alcohol. 

These  substances  show  a  broad  band  with  small  persistence  with 
head  at  3600,  the  band  appearing  at  relatively  greater  concentrations. 

At  less  concentrations,  the  first  two  benzene  bands  are  shown. 
Exactly  the  same  spectrum  is  shown  by  benzyl  acetate,  this  type  of 
spectrum  being  shown  in  Fig.  7. 

The  presence  of  ketonic  oxygen  in  the  /3-position  results  in  the 
almost  complete  removal  of  selective  absorption,  leaving  only  a  more 
or  less  pronounced  general  absorption.  For  example,  we  have 
examined  the  spectrum  of  acetophenone  and  phenyl  ethyl  ketone, 
which  are  both  identical ;  the  spectrum  of  the  latter  is  shown  in 
Fig.  6.  It  will  be  seen  that  the  spectrum  rapidly  expands  at  the 
ordinate  13,  as  if  there  were  a  band  of  extremely  short  persistence. 
In  the  case  of  benzaldehyde,  a  very  similar  spectrum  is  obtained  (see 
Fig.  9),  which  also  shows  an  incipient  band  with  head  at  3550.  Now, 
in  the  case  of  those  compounds  which  have  an  oxidic  oxygen  in  the 
^-position,  an  absorption  band  is  produced  in  exactly  the  same  place, 
but  with  this  important  difference,  that  in  the  latter  case  the 
concentration  at  which  the  band  appears  is  a  hundred  times  greater 
than  in  the  former  case. 

In  nitrobenzene,  there  are  two  oxygen  atoms  present  in  the 
^-position  and  both  of  these  may  be  said  to  partake  of  somewhat  the 
same  type  of  unsaturation  as  ketonic  oxygen.  The  result  is  a  great 
increase  in  the  effects  which  were  shown  to  be  due  to  one  ketonic 
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oxygen  atom,  and  the  substance  exhibits  therefore  very  strong  general 
absorption  (see  Fig.  10).  This  absorption  is  greater  than  any  we  have 
yet  observed  in  the  case  of  the  mono-substituted  derivatives.  It 
seems  probable  that  this  very  great  absorption  is  due  to  some  form  of 
strained  condition  having  been  set  up  in  the  benzene  molecule  until 
the  making  and  breaking  of  linkings  between  the  carbon  atoms  has 
ceased  in  nitrobenzene,  and  it  seems  not  uclikely  therefore  that  the 
presence  of  the  active  residual  affinity  as  possessed  by  ketonic  oxygen 
in  the  /3-position  tends  to  lock  up  or  restrain  the  internal  motions  of 
the  benzene  ring. 

Up  to  the  present,  we  have  only  been  able  to  observe  the 
simultaneous  effect  of  the  two  types  of  unsaturated  oxygen  in  the 
y-position,  and  that  in  the  case  of  phenylacetic  acid  and  its  ethyl  ester. 
As  would  be  expected,  the  absorption  spectra  of  both  are  identical. 
From  the  absorption  curve  of  these  substances  given  in  Fig.  8,  it  can 
be  seen  that  a  slight  general  absorption  takes  place,  without  any 
absorption  band.  It  would  thus  appear  that  the  presence  of  the 
residual  affinity  of  the  ketonic  oxygen  in  the  y-position  exerts  the 
same  kind  of  influence  as  it  was  shown  to  have  in  the  ;8-position,  but 
in  a  very  much  milder  degree.  No  definite  opinion,  however,  can  be 
expressed  of  the  individual  influences  of  the  hydroxylic  and  ketonic 
oxygen  atoms  until  some  more  compounds  have  been  investigated. 

As  regards  the  S-positioo,  our  i-esults  go  to  show  that  the  presence 
of  an  unsaturated  atom,  for  example,  oxidic  or  ketonic  oxygen,  has  no 
influence  on  the  spectrum.  When  the  substituent  group  contains  an 
unsaturated  atom  in  the  8-position,  it  appears  that  this  atom  is  too  far 
removed  from  the  benzene  nucleus  to  have  any  effect  on  its  motions, 
and  an  absorption  is  obtained,  the  type  of  which  is  entirely  unaltered 
by  the  presence  of  this  unsaturated  atom ;  thus,  hydrocinnamic  acid 
exerts  an  absorption  of  exactly  the  same  type  as  a  monoalkyl 
substituted  benzene;  the  spectrum  of  this  compound  is  shown  in 
Fig.  11,  and,  as  can  be  seen,  is  the  same  as  that  shown  in  Fig.  2. 
Ethyl  phenoxyacetate  shows  an  absorption  almost  identical  with 
anisole  and  phenetole,  namely,  the  type  corresponding  to  the  presence 
of  oxidic  oxygen  in  the  a-position,  as  is  shown  in  Fig.  13,  Again, 
benzyl  acetate  exerts  an  absorption  absolutely  the  same  as  benzyl  ethyl 
ether,  namely,  that  shown  in  Fig.  6,  that  is,  the  type  due  to  the 
presence  of  oxygen  in  the  ^-position. 

Among  the  compounds  already  mentioned,  chlorobenzene  must  also 
be  included.  The  absorption  spectrum  of  this  substance  is  shown  in 
Fig.  14  and,  as  can  be  seen,  resembles  that  of  the  alkyl  mono  substituted 
benzenes  to  a  certain  extent.  The  band  at  3690,  however,  is  not  one 
of  the  benzene  bands,  and  we  therefore  conclude  that  the  chlorine  atom 
in    chlorobenzene   possesses   a    certain    amount    of    residual    affinity, 
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sufficient  only  to  modify  slightly  tlie  absorption  curve  of  benzene 
without  producing  an  effect  so  marked  as  in  the  case  of  aniline  or 
anisole. 

The  spectrum  of  benzoic  acid  has  been  observed  by  Hartley  and 
Huntington  {Phil.  Trans.,  1879,  170,  i,  257),  and  only  shows  general 
absorption  rather  strongly.  This  is  only  to  be  expected  from  the  pre- 
sence of  the  ketonic  oxygen  in  the  yS-position. 

From  the  results  we  have  obtained  with  the  absorption  spectra  of 
the  mono-substituted  benzene  compounds,  it  is  possible  to  arrange  many 
of  these  in  a  descending  series  as  regards  the  approximation  of  their 
absorption  spectra  to  that  of  benzene.  We  thus  have  such  a  descend- 
ing series  in  benzene,  ethylbenzene,  phenyl  ethyl  ether,  benzyl  ethyl 
ether,  benzaldehyde,  phenyl  ethyl  ketone,  benzoic  acid,  and  nitro- 
benzene. It  is  interesting  to  note  that  the  compounds  standing  at  the 
beginning  of  the  list  give  ortho-  and  para-disubstituted  products, 
whilst  those  at  the  end  give  meta-derivatives. 


Experimental. 

Benzene. — -This  substance  was  twice  redistilled,  the  whole  boiling 
well  within  0'1°.  The  distillate  was  then  frozen  out  and  again  dis- 
tilled. A  solution  was  made  in  absolute  alcohol  of  iV/S  strength,  and 
photographs  of  the  iron  arc  photographed  through  30,  25,  20,  17, 
15,  12,  10,  8,  6,  5,  4  mm.  respectively.  This  was  repeated  both  with 
iV/SO  and  iV/500  solutions.  The  results  are  plotted  in  Fig.  1,  the 
ordinates  being  the  logarithms  of  the  equivalent  lengths  of  a  X/^OOO 
solution. 

Monoalki/l  Substituted  Benzenes. — Perfectly  pure  specimens  of 
toluene,  ethylbenzene,  propylbenzene,  and  ^er^.-butylbenzene  were  em- 
ployed. The  toluene  was  prepared  from  p-toluic  acid,  and  in  the  other 
cases  Kahlbaum's  preparations  were  used.  These  specimens,  which 
were  carefully  redistilled,  all  had  the  correct  boiling  points.  The  ab- 
sorpion  curve  of  ethylbenzene  is  shown  in  Fig.  2  with  the  logarithms 
of  the  equivalent  thicknesses  of  a  ^V/IOOO  solution  placed  upon  the 
ordinates.  These  results  of  all  the  substances  given  in  this  paper 
are  expressed  in  terms  of  a  iV/lOOO  solution.  The  differences  from 
ethylbenzene  obtained  with  propylbenzene  and  ieri.-butylbenzene  are  so 
small  as  not  to  merit  separate  description. 

Aniline. — The  absorption  spectrum  of  aniline  has  already  been  de- 
scribed by  Hartley  ;  we  have  repeated  the  observation  with  identically 
the  same  results.  The  aniline  was  made  from  the  sulphate  and  dis- 
tilled at  an  absolutely  constant  temperature.  The  absorption  curve 
obtained  is  shown  by  the  full  curve  in  Fig.  5.  We  have  photographed 
the  absorption  of  aniline  in  alcohol  in  the  presence  of  two  equivalents 
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of  hydrochloric  acid,  which 
was  found  to  be  sufficient  to 
counteract  the  tendency  to 
hydrolysis.  The  absorption 
curve  is  shown  in  Fig.  3 ; 
the  second  and  third  benzene 
bands  are  visible  with  the 
fourth  band  to  a  small  ex- 
tent. 

Methylaniline  and  Di- 
viethylaniline.  —  These  two 
substances  were  obtained 
from  Kahlbaum  and  distilled 
at  a  constant  temperature. 
The  absorption  curves  are 
given  in  Fig.  5,  which  also 
shows  that  of  aniline ;  the 
diiference  between  the  per- 
sistence of  the  band  in  the 
three  cases  is  very  marked, 
the  decrease  in  the  persist- 
ence being  due  to  the  de- 
crease in  the  basicity  of  the 
nitrogen  atom  produced  by 
the  introduction  of  the  methyl 
group.  The  absorption  curve 
of  the  dimethyl  compound 
shows  also  the  second  ben- 
zene band  to  a  small  degree 
with  the  broad  band  charac- 
teristic of  the  second  type, 
which  is  a  further  evidence 
that  the  substituting  group 
has  been  nearly  saturated. 
The  two  methyl  compounds, 
in  presence  of  hydrochloric 
acid,  give  a  very  similar 
spectrum,  as  does  aniline 
hydrochloride  (Fig.  3).  It 
will  be  noticed  that  in  Figs. 
5  and  6  the  scale  on  the 
ordinates  is  half  that  in  the 
case  of  the  other  diagrams. 

Anisole     and     Plienelole. — 
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These  two  compounds  were 
procured  from  Kahlbaum,  and 
both  distilled  at  a  constant 
temperature.  Their  absorp- 
tion spectra  ai^e  identical, 
and  the  absorption  curve  of 
the  latter  is  shown  in  Fig.  5. 

Benzyl  Alcohol  and  Benzyl 
Ethyl  Ether. — These  two  sub- 
stances were  redistilled ;  both 
compounds  passed  over  within 
01°.  Their  specti'a  show  only 
the  smallest  difference  be- 
tween themselves,  and  the 
absorption  curve  of  benzyl 
ethyl  ether  is  indicated  in 
Fig.  7.  This  type  is  charac- 
terised by  the  broad  band 
with  head  at  3600  and  by 
the  first  two  benzene  bands. 

Acetop/ienone  and  Phenyl 
Ethyl  Ketone. — The  aceto- 
phenone  employed  had  a  per- 
fectly constant  boiling  point 
and  melted  at  20°.  The 
phenyl  ethyl  ketone  also  dis- 
tilled at  a  constant  tempera- 
ture. Their  absorption  spectra 
are  identical  and  are  shown 
in  Fig  6.  In  this  case,  the 
scale  on  ihe  ordinates  is  half 
that  upon  the  remaining  dia- 
grams. The  sudden  extension 
of  the  curve  at  ordinate  13 
is  characteristic. 

BenzaldeJtyde.  —  This  sub- 
stance was  shaken  with  dilute 
sodium  hydroxide  solution 
and  dried  ;  it  distilled  at  a 
constant  temperature,  and 
was  then  redistilled  under 
diminished  pressure,  and  a 
weighed  quantity  (0-106 
gram,  1    milligram-molecule) 
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was  dissolved  in  100  c.c.  of 
alcohol,  which  had  previously 
been  boiled  in  vacuo.  These 
precautions  were  found  to  be 
absolutely  necessary  in  order 
to  prevent  oxidation  to  ben- 
zoic acid.  The  absorption 
curve  is  shown  in  Fig.  9, 
and,  as  can  be  seen,  closely 
resembles  that  of  aceto- 
phenone  and  phenyl  ethyl 
ketone. 

Nitrobenzene.  —  This  sub- 
stance, when  thrice  redis- 
tilled, had  a  constant  boiling 
point ;  it  was  then  partially 
frozen  and  the  liquid  poured 
off  from  the  crystals.  This 
was  repeated  four  times,  and 
the  substance  was  then  found 
to  melt  at  5 "5°  (usually  given 
as  3°).  The  absorption  curve 
is  shown  in  Fig,  10,  and 
indicates  at  once  the  rela- 
tively great  absorptive  power 
of  this  substance. 

Phenylacetic  Acid  and  Ethyl 
Phenylacetate.  —  These  sub- 
stances were  obtained  from 
Kahlbaum  and  were  perfectly 
pure  and  colourless.  The 
absorption  spectrum  of  the 
free  acid^is  shown  in  Fig.  8 
and  shows  only  a  slight 
general  absorption. 

Hydrocinnamic  Acid. — 
This  substance  was  obtained 
from  Kahlbaum  in  well- 
formed  crystals  melting 
sharply  at  48°.  The  absorp- 
tion curve  is  given  in  Fig.  1 1 , 
and,  as  can  be  seen,*>is  practi- 
cally identical  with  that  of 
ethylbenzene,  the  unsaturated 
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oxygen  atoms    being  too  far  removed  from  the  nucleus  to  influence 
the  absorption. 

Chlorohenzene. — A  quantity  of  the  recently-prepared  substance  was 
available  ;  it  distilled  well  within  0-1°  at  132°.  The  absorption  curve 
shown  in  Fig.  14  is  closely  allied  to  that  of  the  monoalkylbenzenes, 
but  it  will  be  noticed  that  the  first  absorption  band  does  not  agree  in 
position  with  any  of  those  of  benzene. 

Cyanohenzene,  which  was  obtained  from  Kahlbaum  and  carefully 
redistilled,  boiled  at  190-5 — 191-5°;  its  absorption  spectrum  is  given 
in  Fig.  12,  and  possesses  the  band  at  3600,  this  being  the  same  as 
that  given  by  anisole  and  phenetole  (see  Fig.  5).  It  would  thus 
appear  that  the  carbon  atom 
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shown  in  the  CN  group  is 
somewhat  analogous  to  the 
oxygen  in  anisole ;  the  re- 
maining differences  between 
the  spectra  of  cyanohenzene 
and  anisole  are  no  doubt  due 
to  the  nitrogen  atom  in  the 
/^-position. 

Ethyl  Phenoxyacetate, 
Ph-O-CH.-CO^Et. 
— This  compound  and  also 
benzyl  acetate  were  obtained 
from  Kahlbaum,  and  were 
fourid  to  be  pure  and  colour- 
less and  to  distil  at  a  con- 
stant temperature.  Their 
absorption  spectra  are  very 
similar  to  anisole  in  the  one 
case  and  benzyl  alcohol  in 
the  other ;  the  absorption 
curve  of  ethyl  phenoxyacetate  is  shown  in  Fig.  13,  from  which  it  can 
be  seen  that  the  only  difference  between  it  and  that  of  anisole  and 
phenetole  lies  in  the  somewhat  smaller  persistence  of  the  transmitted 
portion  at  3640 — 3655  in  the  former  case.  As  the  spectrum  of 
benzyl  acetate  resembles  so  closely  that  of  benzyl  ethyl  ether  its 
separate  reproduction  is  unnecessary. 
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Conchislons. 

1.  Benzene    presents    seven    absorption    bands,    the     formation    of 
which  may   be  accounted   for  by  there  being  seven,  and  only  seven. 
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possible  different  types  of  making  and  breaking  linkings  produced  by 
the  internal  motions  of  tlie  benzene  molecule. 

2.  The  introduction  of  a  single  substituent  group  modifies  the  absorp- 
tion spectrum  of  benzene,  different  types  of  absorption  being  pro- 
duced according  to  the  nature  of  the  substituent  group. 

3.  The  substitution  of  a  single  alkyl  group  produces  an  absorption 
curve  showing  the  first  two  benzene  bands  and  a  broad  band  covering 
the  region  occupied  by  the  remaining  five  benzene  bands. 

4.  The  presence  of  an  unsaturated  nitrogen  atom  in  the  a-position, 
as  in  aniline,  produces  a  broad  band  of  great  persistence  with  head  at 
3520.  The  reduction  of  the  basic  nature  of  the  nitrogen  atom  by 
replacement  of  the  amino  hydrogen  atoms  by  the  methyl  group  reduces 
the  persistence  of  the  band.  Aniline,  methylauiline,  and  dimethyl- 
aniline  in  presence  of  three  equivalents  of  hydrochloric  acid  exert  an 
absorption  similar  to  that  of  the  monoalkylbenzenes.  Dimethyl- 
andine  itself  shows  evidences  of  approximating  to  this  type. 

5.  The  presence  of  oxidic  oxygen  in  the  a-pDsition,  as  in  anisole, 
produces  a  broad  band  of  considerable  persistence,  which  is  divided 
into  two  near  the  head. 

6.  The  presence  of  oxidic  oxygen  in  the  /^-position  produces  a  short 
band  with  head  at  3600,  and  at  less  concentrations  the  first  two 
benzene  bands. 

7.  The  presence  of  ketonic  oxygen  in  the  /3-position  produces  strong 
general  absorption. 

8.  The  simultaneous  presence  of  ketonic  and  oxidic  oxygen  in  the 
y-position  produces  slight  general  absorption. 

9.  The  presence  of  unsaturated  atoms  in  the  S-position  has  no 
effect,  the  absorption  obtained  being  in  no  way  influenced  by  such 
atoms. 

We  have  to  record  our  thanks  to  Miss  E.  K.  Ewbank,  who  has 
carried  out  much  of  the  experimental  work  in  this  investigation;  also 
to  Professor  Donnan  fui'  the  great  interest  he  has  taken  in  our  work. 

Si'KC  IKCLSCO  CIC    LAIiOnATOIlY, 

Univkksity  College,  London. 
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CXXXIIJ. — TJie     Ultra-violet     Absorption    Spectra    of 

Aromatic  Compounds.  Part  II.  The  Phenols. 
By  Edward  Charles  Cyril  Baly  and  Elinok  Katharine  Ewbank. 
In  the  preceding  paper  it  was  pointed  out  that  the  ultra-violet 
absorption  spectru.m  of  phenol  differed  materially  from  those  of 
anisole  and  phenetole,  and  that  this  difference  had  been  traced  to 
the  existence  of  a  certain  amount  of  tautomerism  in  phenol.  On 
comparing  the  spectra  of  phenol  and  anisole  (see  Fig.  1)  it 
will  be  seen  that  in  the  latter  case  the  spectrum  is  characterised 
by  the  presence  of  a  transmitted  region  from  3640 — 3655,  which 
subdivides  the  broad  band  into  two  near  the  head.  This  trans- 
mitted portion  is  absent  in  the  absorption  spectrum  of  phenol. 
Now  it  has  been  shown  (Baly  and  Desch,  Trans.,  1904,  85,  1029, 
and  1905,  87,  766)  that  the  tautomeric  process,  such  as  occurs  in 
acetyiacetone  and  analogous  aliphatic  compounds,  causes  the  forma- 
tion of  a  band  in  the  absorption  spectra  of  these  compounds,  the 
head  of  which  lies  very  much  in  the  same  region  as  does  the  band 
in  the  spectrum  of  jjhenol  and  its  ethers.  It  follows  from  this  that 
if  the  same  type  of  tautomerism  occurs  in  phenol  as  in  the  ali- 
phatic compounds — that  is,  the  wandering  of  the  phenolic  hydrogen 
atom — the  absorption  band  due  to  this  process  would  overlay  the 
band  due  to  the  phenolic  structure  as  present  in  anisole,  and  that 
consequently  the  transmitted  portion  (3640 — 3655)  characteristic  of 
anisole  and  phenetole  would  be  absorbed,  and  therefore  be  absent 
from  the  absorption  spectrum  of  phenol  itself.  This,  as  stated 
above,  is  what  does  actually  occur.  In  order  to  decide  this  matter 
finally,  we  have  examined  the  absorption  spectra  of  certain  ring 
compounds  which  possess  a  labile  hydrogen  atom.  For  these  com- 
pounds we  are  indebted  to  Professor  Crossley  and  to  Dr.  Haas. 
We  have  been  able  to  investigate  two  such  compounds,  namely, 
dimethyldihydroresorcin  and  its  amino-derivative.  In  the  latter 
case  an  absorption  band  of  great  persistence  is  developed,  but  in 
the  former  case  no  absorption  band  is  shown  by  the  free  substance ; 
on  the  addition  of  sodium  hydroxide,  however,  dimethyldihydro- 
resorcin develops  a  decided  absorption  band  in  exactly  the  same 
way  as  occurs  with  ethyl  acetoacetate.  The  absorption  curves  are 
shown  in  Fig.  3  and  Fig.  4,  and,  as  can  be  seen,  the  absorption 
band  of  the  amino-compound  occupies  the  same  position  as  those 
shown  by  phenol  and  anisole.  We  are  therefore  justified  in  con- 
cluding that  phenol  in  alcoholic  solution  is  tautomeric;  that  is 
to  say,  the  phenolic  hydrogen  is  in  the  labile  state. 

In  order  to  confiim  this  conclusion,  we  have  studied  the  action  of 
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sodium  hydroxide  on  phenol,  and  have  photographed  the  ab- 
sorption spectra  of  this  substance  in  presence  of  sodium  hydroxide. 
As  has  been  pointed  out  before  (Baly  and  Desch,  loc.  cit.),  the 
addition  of  sodium  hydroxide  to  the  solutions  of  the  aliphatic 
compounds  showing  tautomerism  very  often  causes  a  small  shift 
in  the  position  of  the  absorption  band  towards  the  red,  and  there- 
fore, if  such  a  shift  were  found  to  occur  in  the  case  of  phenol,  this 
would  materially  strengthen  our  conclusion  that  the  phenolic 
hydrogen  is  labile  in  this  substance.  The  absorption  curve  ob- 
tained with  phenol  in  the  presence  of  four  equivalents  of  sodium  ,. 
hydroxide  is  shown  in  Fig.  1 ;  this  diagram  clearly  shows  the  shift  11 
of  the  band  towards  the  red  which  has  occurred.  The  new  position  ■' 
of  this  band  is  identical  with  that  occupied  by  the  absorption  band 
of  dimethyldihydroresorcin  in  presence  of  sodium  hydroxide.  We 
find,  further,  that  the  addition  of  sodium  hydroxide  to  anisole 
and  phenetole  produces  absolutely  no  change  in  the  spectrum. 

Finally,  we  have  photographed  the  absorption  spectrum  of  phenol 
in  presence  of  hydrochloric  acid,  and  find  that,  just  as  in  the  case 
of  ethyl  acetoacetate  the  tautomerism  is  slightly  decreased  by  this 
acid,  so  the  spectrum  of  phenol  is  rendered  rather  more  like  that 
of  anisole;  in  the  presence  of  excess  of  hydrochloric  acid,  the  trans- 
mitted portion  of  the  spectrum  (3640 — 3655)  characteristic  of 
anisole  has  begun  to  make  its  apjoearance.  A  much  larger  quantity 
of  the  acid  is  required  to  produce  the  effect  with  phenol  than  in 
the  case  of  ethyl  acetoacetate,  but  this  is  only  to  be  expected  when 
we  consider  that  the  tautomerism  of  phenol  must  be  caused  by  the 
close  proximity  of  the  benzene  nucleus. 

These  results  leave  no  doubt  but  that  phenol,  under  these  ex- 
perimental conditions,  has  not  the  same  structure  as  anisole,  and 
that  the  difference  is  due  to  the  wandering  of  the  labile  phenolic 
hydrogen  atom. 

"We  have  also  observed  the  three  cresols,  and  have  compared  their 
absorption  spectra  with  their  methyl  ethers.  The  spectra  of  the 
three  cresols  have  been  already  described  by  Hartley  (Trans.,  1888, 
53,  641),  so  there  is  no  need  to  reproduce  the  curves.  The  ab- 
sorption of  the  methyl  ethers  of  o-  and  m-cresols  is  shown  by  the 
full  curves  in  Figs.  5  and  2 ;  they  are  very  similar  in  shape  to  those 
of  anisole  and  phenetole,  the  only  difference  being  that  in  the  cresol 
ethers  the  characteristic  transmitted  poi'tion  in  the  middle  of  the 
main  absorption  band  is  slightly  less  persistent.  The  o-  and  m- 
cresols  themselves,  as  Hartley  showed,  only  present  one  single  ab- 
sorption band  like  that  of  phenol,  and  these  substances  therefore 
mvist  also  be  tautomeric  in  the  same  way  as  phenol — that  is,  the 
phenolic  hydrogen  must  be  labile.  The  presence  of  this  tauto- 
merism is   confirmed  by  the  shift  in   the   absorption  band   in   the 
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spectrum  towards  the  red  on  the  addition  of  sodium  hydroxide; 
the  absorjition  curves  of  o-  and  ?«-cresols  in  presence  of  sodium 
hydroxide  are  represented  by  the  dot-and-dash  curves  on  Figs.  5 
and  2  respectively.  The  absorption  spectra  of  the  two  methyl 
ethers  are  entirely  unaltered  by  the  addition  of  sodium  hydroxide. 

In  the  case  of  ^^-ci-esol,  it  must  be  remembered  that  Hartley 
(Trans.,  1885,  47,  685)  showed  in  the  case  of  p-xylene  that  two 
absorption  bands  are  produced,  which  are  evidently  characteristic 
of  this  type  of  substituted  benzene.  Now  the  position  of  one  of 
these  absorption  bands  is  exactly  the  same  as  the  characteristic 
transmitted  portion  (3640 — 3655)  in  the  spectra  of  anisole,  phene- 
tole,  and  the  methyl  ethers  of  o-  and  /«-cresols.  We  would  expect, 
therefore,  that,  as  the  methyl  ether  of  j'-cresol  is  the  same  type 
of  substituted  benzene  as  ^^-xylene,  the  characteristic  transmitted 
portion  would  be  absent  in  the  absorption  spectrum  of  this  sub- 
stance. This  we  find  actually  to  be  the  case,  as  is  shown  by  the 
full  absorption  curve  in  Fig.  6 ;  this  curve  is  practically  the  same 
as  that  of  the  cresol  itself.  We  should  have  been  unable  to  de- 
termine the  presence  or  absence  of  tautomerism  in  y-cresol  were  it 
not  for  the  fact  that  the  addition  of  sodium  hydroxide  causes  the 
same  shift  of  the  absorption  band  towards  the  red  in  this  case 
as  in  the  three  phenols  already  mentioned.  The  absorption  of 
2>cresol  in  presence  of  sodium  hydroxide  is  shown  by  the  dot-and- 
dash  curve  in  Fig.  6;  sodium  hydroxide  produces  absolutely  no 
effect  on  the  absorption  spectrum  of  the  methyl  ether  of  ^'-cresol. 

We  have  also  investigated  the  three  dihydric  phenols,  and  find 
that  the  same  argument  applies  to  them  as  to  the  preceding 
substances,  and  there  is  no  doubt  that  the  phenolic  hydrogen  in 
these  compounds  and  their  monomethyl  ethers  is  in  the  labile 
state.  We  have  examined  the  absorption  spectra  of  the  mono-  and 
dimethyl  ethers  of  catechol,  resorcinol,  and  quinol,  both  in  neutral 
solution  and  in  the  presence  of  alkali  hydroxide,  and  we  find  that 
the  bands  are  shifted  towards  the  red  in  the  case  of  the  phenols 
themselves  and  their  monomethyl  ethers,  but  that  no  alteration 
occurs  when  alkali  is  added  to  the  dimethyl  ethers.  It  is  interest- 
ing to  note  that  the  transmitted  portion  characteristic  of  the  mono- 
'  hydric  phenol  ethers  is  not  present  in  the  absorption  spectra  of 
either  the  mono-  or  di-methyl  ethers  of  any  of  the  dihydric  phenols. 
The  absorption  of  guaiacol  or  the  monomethyl  ether  of  catechol 
in  neutral  solution  is  shown  by  the  dot-and-dash  curve  in  Fig.  9; 
the  full  cvirve  shows  the  absorption  of  guaiacol  in  presence  of 
sodium  hydroxide.  In  Fig.  10,  the  dot-and-dash  curve  is  the  ab- 
sorption curve  of  the  dimethyl  ether  of  quinol,  whilst  the  full 
curve  is  the  absorption  curve  of  quinol  in  presence  of  sodium 
hydroxide.     In   ordQv   to   prevent   the   oxidation   of   the   quinol   in 
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the  last  case,  a  small  qixantity  of  sodium  sulphite  was  added  to 
the  solution;  this  salt  has  no  influence  on  the  spectrum.  The 
absorption  curves  again  show  very  clearly  the  shift  of  the  ab- 
sorption band  towards  the  red  which  takes  place  on  adding  sodium 
hydroxide  to  the  phenols  and  their  monomethyl  derivatives. 

Finally,  we  have  examined  o-  and  p-anisidines,  and  find  that 
the  aminophenols  are  tautomeric  substances  in  the  same  way  as 
are  the  phenols.  Since  these  substances  contain  an  amino-group, 
the  absorption  spectra  are  entirely  modified  by  the  presence  of 
this  group  (Hartley,  Fhil.  Trans.,  1879,  170,  i,  257,  and  Baly 
and  Collie,  this  vol.,  p.  1332);  in  order  to  eliminate  the  influence 
of  the  unsaturated  nitrogen  atom  in  these  compounds,  it  is  necessary 
to  add  sufficient  hydrochloric  acid  (five  equivalents)  to  form  the 
hydrochloride.  The  absorption  curve  of  o-anisidine  is  shown  by 
the  dot-and-dash  curve  in  Fig.  7,  while  the  full  curve  shows  that 
of  the  anisidine  in  presence  of  five  equivalents  of  hydrochloric  acid. 
In  the  latter  case  the  spectrum  shows  the  characteristic  absorption 
of  anisole.  In  the  case  of  the  para-compound,  the  same  argument 
applies  as  was  given  above  for  p-cresol,  and  the  full  curve  given 
in  Fig.  8  shows  that  the  characteristic  transmitted  portion  is 
absorbed  in  the  hydrochloride,  owing  to  the  absorption  caused  by 
the  para-substituted  benzene  ring.  We  have  only  been  able  to 
observe  the  j^-aminophenol  since  we  were  unable  to  prepare  the 
ortho-compound  in  a  sufficiently  pure  state.  The  absorption  of 
2>aminophenol  in  the  free  state  is  shown  by  the  full  curve  in 
Fig.  11;  the  absorption  of  the  phenol  in  the  presence  of  five 
equivalents  of  hydrochloric  acid  is  shown  by  the  dotted  curve, 
whilst  the  absorption  in  the  presence  of  sodium  hydroxide  is  shown 
by  the  dot-and-dash  curve,  from  which  it  can  be  seen  that  the 
band  of  the  free  aminophenol  has  been  shifted  to  the  red,  as  in 
the  case  of  all  the  compounds  containing  the  phenolic  hydroxyl 
group.  In  order  to  prove  that  this  shifting  is  not  in  any  way  caused 
by  the  amino-group,  we  have  examined  the  absorption  spectrum  of 
^^-toluidine  in  presence  of  sodium  hydroxide,  and  find  that  the 
absoi-ption  band  is  not  shifted  at  all,  being  in  the  same  position 
as  Hartley  has  shown  it  to  be  in  p-toluidine  in  neutral  solution 
(Ti-ans.,  1885,  47,  685).  Our  results  therefore  go  to  show  that 
the  phenolic  hydrogen  atom  is  labile  in  all  the  free  phenols  that 
we  have  observed. 

It  would  thus  appear  that  Hartley,  Dobbie,  and  Lauder  were 
not  justified  in  concluding  that  phloroglucinol  was  purely  hydroxylic 
in  structure,  because  this  substance  and  its  trimethyl  ether  show 
the  same  absorption  (Trans.,  1902,  81,  929).  We  find  that  the 
position  of  the  absorption  band  cavised  by  the  labile  hydrogen  atom 
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is  the  same  as  that  of  the  band  of  the  phenol  ethers  both  in 
the  mono-  and  di-hydric  phenols.  It  is  therefore  not  possible 
to  assume  the  absence  of  such  tautomerism  merely  from  an  agree- 
ment between  the  johenols  and  their  ethers.  As  this  tautomerism 
undoubtedly  occurs  in  the  mono-  and  di-hydric  phenols,  it  is  not 
unreasonable  to  expect  it 

to  occur  in  the  trihydric  OsdUation frequencies. 

iilienol,   especially  as  the  §§s§§§g§g§g§ 

chemical  behaviour  of 
this  substance  lends  sup- 
port to  this  view. 

Experimental. 

Phenol,  Anisole,  arid 
rhcnefole. — These  three 
substances  were  obtained 
from  Kahlbaum,  and  were 
tound  to  distil  at  a  con- 
stant temperature.  The 
absorption  curves  are 
given  in  Fig.  1 ;  the  full 
curve  is  that  given  by 
anisole  and  phenetole  in 
alcoholic  solution,  whilst 
the  dotted  curve  shows 
the  absorption  of  phenol 
in  alcoholic  solution.     It 

will  be  noticed  that  the  transmitted  portion  in  the  centre  of 
the  anisole  and  phenetole  absorption  band  is  not  shown  by  phenol. 
The  dot-and-dash  curve  represents  the  absorption  exerted  by 
phenol  in  the  presence  of  sodium  hydroxide. 
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Fig. 


DimetliyhUltydroresorcin  and  its  Ainlno-derivative. 

Perfectly  pure  specimens  of   these  substances   were  very  kindly 

given  to  us  by  Professor  Crossley  and  Dr.   Haas.     The  absorption 

of  the  dimethyldihydroresorcin  in  neutral  and  in  alkaline  solution 

is  shown  by  the  dot-and-dash  and  by  the  full  curves  respectively 

in  Fig.  3.     The  head  of  the  absorption  band  given  by  the  substance 

dissolved  in  alkali   is  in  the  same  place  as  in  the  case  of  phenol 

in  alkaline  solution.     The  absorption  curve  of  the  amino-derivative 

5  in  neutral  alcoholic  solution  is  shown  in  Fig.  4.     The  head  of  the 

{  absorption  band  is  in  the  same  place  as  in  the  case  of  phenol  in 

i  neutral  solution. 
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T/?e  Cresols  and  their 
Methyl   Ethers. 

These  substances  were 
obtained  from  Kalilbanm, 
and  distilled  at  a  con- 
stant temperature  in  each 
case.  The  absorption  of 
the  methyl  ether  of  vi- 
cresol  in  alcoholic  solu- 
tion is  shown  by  the  full 
curve  in  Fig.  2,  which  is 
very  similar  to  that  of 
anisole.  The  absorption 
of  the  cresol  in  presence 
of  sodium  hydroxide  is 
shown  by  the  dot-and- 
dash  curve  in  Fig.  2. 
In  Fig.  5,  the  full  curve 
represents  the  absorption 
of  the  methyl  ether  of 
o-cresol,  whilst  the  dot- 
and-dash  curve  refers  to 
o-cresol  in  presence  of 
sodium  hydroxide;  simi- 
larly, in  Fig.  6,  the  ab- 
sorption curves  are  given 
of  ;p-cresol  in  neutral 
alcoholic  and  in  alkaline 
solution.  In  this  case, 
the  transmitted  portion 
characteristic  of  the 
ethers  of  the  monohydric 
phenols  is  not  present 
(compare  the  full  curve) 
owing  to  the  superposi- 
tion of  the  absorption 
band  characteristic  of 
the  para  -  disubstituted 
benzene  ring. 

The   Anisidines. 

The  o-  and  ^^-anisidines 
were     obtained     from 
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Eahlbaum,  and  were 
perfectly  pure ;  the 
ortho-compound  boiled 
constantly  at  218°, 
whilst  the  para-com- 
pound melted  sharply 
at  57-5°.  The  absorp- 
tion of  the  free  sub- 
stances in  alcoholic 
solution  is  shown  by 
the  dot  -  and  -  dash 
curves  in  Figs.  7  and 
8,  whilst  the  full 
curves  represent  the 
absorption  exerted  in 
presence  of  five  equiv- 
alents of  hydrochloric 
acid.  In  Fig.  8  the 
broad  band  of  the 
hydrochloride  of  the 
para-substance  is  not 
subdivided  into  two, 
as  in  the  ortho-iso- 
meride,  owing  to  the 
superposition  of  the 
absorption  band  due 
to  the  para-disubsti- 
tuted  benzene  ring. 


The   D/Jn/dric   Phenols 

and       their       Methyl 

Ethers. 

We  have  examined 
the  absorption  spectra 
of  the  mono-  and  di- 
methyl ethers  of  the 
three  dihydric  phenols 
— catechol,  resorcinol, 
and  quinol — both  in 
neutral  and  alkaline 
alcoholic  sohition. 

The      specimens      o  f 
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gtiaiacol  and  veratrol  were  obtained  from  Kahlbaum,  and  were 
found  to  be  quite  pure;  the  remaining  ethers  we  prepared  for 
ourselves  in  a  perfectly  pure  condition.  The  absorption  curves 
of  the  three  phenols  have  already  been  given  by  Hartley.  In 
Fig.  9,  the  dot-and-dash  curve  represents  the  absorption  of  guaiacol 
in  alcohol,  while  the  full  curve  gives  the  absorption  of  this  substance 

presence    of    ten    equiv- 
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alents  of  sodium  hydroxide. 
In  Fig.  10,  the  absorption 
of  the  dimethyl  ether  of 
quinol  in  alcoholic  solution 
is  shown  by  the  dot-and- 
dash  curve,  whilst  the  full 
curve  represents  the  absorp- 
tion of  quinol  in  aqueous 
solution  in  presence  of  five 
equivalents  of  sodium 
hydroxide  and  a  small  quan- 
tity of  sodium  sulphite. 
The  absorption  curves  of  the 
remaining  ethers  are  so 
similar  as  to  render  their 
reproduction  unnecessary. 


Fig.  11. 


ip-Amino2)henol. 

This  substance  was  pre- 
pared from  the  hydro- 
chloride; it  was  perfectly 
white,  and  gave  a  colourless 
solution  in  alcohol.  The  absorption  of  this  compound  is  shown 
in  Fig.  11  :  the  dotted  curve  shows  the  absorption  in  presence  of 
five  equivalents  of  hydrochloric  acid;  the  full  curve,  the  absorp- 
tion of  the  free  base;  and  the  dot-and-dash  curve,  the  absorption 
of  the  base   in  presence  of  alkali   hydroxide  and  sodium  sulphite. 


Conclusions. 

(1)  The  mono-  and  di-hydric  phenols  under  the  conditions  of 
our  experiments  are  tautomeric  substances  in  the  sense  that  the 
phenolic  hydrogen  atoms  are  in  the  labile  state. 

(2)  This  tautomerism  is  also  present  in  the  aminophenols. 

(3)  The  absorption  band  produced  by  this  tautomerism  is  situated 
in  very  nearly  the  same  spectral  regions  as  the  absorption  bands 
which  had  their  origin  in  the  benzenoid  structure  of  these  com- 
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pounds.  It  is  therefore  not  possible  to  determine  the  presence  or 
absence  of  a  labile  hydrogen  in  the  phenols  by  merely  comparing 
the  absorption  spectra  of  the  phenols  with  their  methyl  or  ethyl 
ethers. 

Spectroscopic  Laboratory, 

University  College, 

London. 


CXXXIV. — The  Ultra-violet  Absorption  Spectra  of 
Aromatic  Conpounds.  Part  III.  Disuhstituted 
Derivatives  of  Benzene. 

By  Edward  Charles  Cyril  Baly  and  Elinor  Katharine  Ewbank. 

Hartley  (Trans.,  1885,  47,  685)  described  the  ultra-violet  ab- 
sorption spectra  of  the  three  xylenes,  and  found  that  the  ortho- 
and  meta-compounds  both  show  a  single  broad  absorption  band, 
while  2^-xylene  shows  a  band  which  begins  at  the  same  concentra- 
tion, but  is  much  more  persistent,  and  is  further  subdivided  into 
two  narrow  bands  towards  the  head.  Now,  it  was  pointed  out 
(Baly  and  Collie,  this  vol.,  p.  1332)  that  the  seven  absorption  bands 
of  benzene  may  be  accounted  for  by  attributing  each  one  to  one 
of  the  seven  possible  linking  changes  produced  by  the  relative 
motions  of  the  carbon  atoms  in  the  benzene  ring.  It  was  pointed 
out  further,  that  in  the  present  state  of  our  knowledge  we  cannot 
allocate  any  particular  absorption  band  of  benzene  to  a  single 
definite  linking  change;  in  other  words,  we  are  not  at  present  in 
a  position  to  define  clearly  the  type  of  motions  which  the  benzene 
molecule  is  executing.  A  step  was  made  in  this  direction  by  ob- 
serving the  absorption  spectra  of  mono-substituted  benzenes,  when 
the  existence  of  clearly  defined  types  of  absorption  was  established, 
each  type  being  due  to  a  particular  condition  of  saturation  or  un- 
saturation  in  the  side  chain.  Hartley's  observation,  therefore,  of 
the  difference  between  the  spectra  of  ^^-xylene  and  those  of  the 
ortho-  and  meta-compounds  is  of  great  importance;  it  shows  at 
once  that  the  para-compound  exerts  an  absorption  much  more 
closely  related  to  the  parent  substance,  benzene,  than  do  the  ortho- 
and  meta-isomerides.  If  this  same  difference  were  observed  between 
the  para-compound  and  the  ortho-  and  meta-isomerides  in  the  case 
of  other  disuhstituted  derivatives  of  benzene,  it  would  be  possible 
to  say  that  the  para-compounds  are  more  symmetrical  than  the 
ortho-  and  meta-compounds;  that  is  to  say,  the  motions  of  the 
benzene  ring  are  less  disturbed  by  the  substitution  of  two  groups 
in  the  para  position  than  in  the  ortho-  and  meta-positious. 
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We  have  investigated 
the  absorption  spectra  of 
the  three  isomerides  of 
five  disuhstituted  ben- 
zenes, and  find  that  in 
every  case  the  iDara-coni- 
pound  shows  strong  evi- 
dence of  being  more  sym- 
metrical than  the  other 
two  isomerides.  In  se- 
lecting the  comjDounds 
for  investigation,  it  was 
necessary  to  employ  only 
those  in  which  both  the 
substituent  groups  are 
saturated  or  very  nearly 
saturated,  because,  as  has 
been  shown  (Baly  and 
Collie,  loc.  clt.),  the 
substitution  of  a  hydro- 
gen atom  of  benzene  by 
a  single  saturated  group 
modifies  the  benzene  ab- 
sori^tion  only  so  far  as 
to  fuse  certain  of  the 
bands  into  one,  leaving 
two  or  more  of  the  bands 
undisturbed,  while  the 
substitution  of  an  unsat- 
urated group  entirely 
changes  the  character  of 
the  absorption,  with  the 
result  that  only  general 
absorption  with  no  band 
is  developed,  or  new 
bands  bearing  no  ap- 
parent relation  to  those 
of  benzene  are  produced. 
Up  to  the  present  we 
have  only  been  able  to 
investigate  the  following 
compounds,  in  addition 
to  the  three  xylenes, 
namely,       the       chlox-oto- 
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luenes,  the  dichloroben- 
zenes,  the  toluonitriles, 
the  toluidines,  and  the 
chloroanilines.  In  the 
case  of  the  last  two  com- 
pounds, their  absorption 
spectra  were  observed  in 
acid  solution  in  order  to 
eliminate  the  unsatura- 
tion  of  the  nitrogen 
atoms.  The  absorption 
curves  of  these  substances 
are  reproduced  in  Figs. 
2 — 8  with  the  logarithms 
of  the  equivalent  concen- 
trations expressed  on  the 
ordinates  as  previously 
recommended  (Baly  and 
Desch,  Trans.,  1904,  85, 
1029).  For  the  sake  of 
comparison,  the  curves  of 
the  three  xylenes  are 
given  in  Fig.  1;  in  Fig. 
2  the  absorption  curves 
of  the  three  chloroto- 
luenes  are  shown ;  in  this 
case  the  para-compound 
shows  the  same  number 
of  bands  as  its  two  iso- 
merides,  but  the  bands 
have  a  much  greater  per- 
sistence. In  Fig.  3  the 
absorption  curves  of  the 
three  dichlorobenzenes 
show  that  the  para- 
compound  exhibits  one 
more  band  than  the 
ortho-  and  meta-iso- 
merides,  whilst  in  the 
case  of  the  toluonitriles 
(Fig.  4)  the  single  broad 
band  of  the  ortho-  and 
meta-compounds  is  sub- 
divided into  three  bands 
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with  the  para-compound. 
The    chloroauilines  in 
neutral   solution    exhibit 
in    each     case    a     single 
broad    absorption    band, 
■which      is      undoubtedly 
due   to   the   unsaturated 
nitrogen    atom,     and     is 
vei-y  similar  to  that  given 
by  aniline;  the  curves  of 
the  ortho-  and  meta-com- 
pounds  are  given  in  Fig. 
5,  and  that  of  the  para- 
compound  in  Fig.  6.  The 
absorption  curves  of  these 
three  substances  in  pres- 
ence of  hydrochloric  acid 
are  shown  in  Fig.  7 ;  the 
meta-       and       para-com- 
pounds were  observed  in 
presence    of    ten  equiva- 
lents of  hydrochloric  acid, 
and,  as  can  be  seen,  the 
broad   band    due   to   the 
unsaturated  nitrogen 

atom  has  disappeared,  and 
new  bands  in  the  region 
of    the  benzene    absorp- 
tion have  been  produced. 
In  the  case  of  the  ortho- 
isomeride,  we  found  that 
a  much  greater  quantity 
of  acid  was  necessary  in 
order  to  remove  the  ab- 
sorption   band    which    is^ 
due   to  the    unsaturated 
nitrogen  atom;  the  curve- 
given    in    Fig.   7    of   the- 
ortho-compound  was  that 
obtained   with    the    sub- 
stance in  presence  of  fifty 
equivalents      of      hydro- 
chloric   acid.       In   thesa 
circumstances,    the    com- 
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pound  gives  only  general 
absorption  with  a  sudden 
extension  of  the  trans- 
mitted spectrum  at  the 
ordinate  21.  The  more 
symmetrical  nature  of 
the  para-isomeride  again 
clearly  shows  in  these  sub- 
stances. 

The  absorption  spectra 
of  0-  and  ^^-toluidines 
have  already  been  ob- 
served by  Hartley 
(Trans.,  1885,  47,  685), 
and  need  not,  therefore, 
be  produced;  that  of  the 
meta-compound  is  shown 
in  Fig.  6.  Hartley  also 
observed  the  absorption 
of  the  hydrochlorides  of 
the  o-  and  j^-tohiidines ; 
they  were,  however,  only 
dissolved  in  neutral  sol- 
vents, and  were  therefore 
hydrolysed  to  some  ex- 
tent. In  Fig.  8  we  show 
the  curves  of  the  three 
compounds  in  presence  of 
five  equivalents  of  hy- 
drochloric acid,  in  which, 
as  in  the  case  of  the 
chloroanilines,  all  trace 
of  the  unsaturated  nitro- 
gen band  has  disap- 
peared, and  the  trvie 
benzenoid  absorption  is 
exhibited.  As  is  the  case 
with  all  the  compounds 
described,  the  para-iso- 
meride shows  a  more 
benzenoid  nature,  and 
therefore  its  internal  mo- 
tion is  more  closely  ap- 
proximated to  that  of 
benzene  itself. 
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All  tlie  compounds  employed  in  this  investigation  were  carefully 
tested  as  regards  their  purity.  Kahlbaum's  preparations  were 
generally  employed,  and  in  every  case  a  sharp  melting-point  or 
constant  boiling-point  was  obtained.  The  ^^chlorotoluene  was  pre- 
pared directly  from  p-toluidine,  and  the  o-chloroaniline  was  purified 
by  recrystallisation  of  the  picrate,  the  regenerated  base  being  dis- 
tilled in  a  current  of  steam.  The  observations  were  made  with 
N/100  and  N/1000  solutions  in  alcohol,  the  thicknesses  employed 
varying  from  30  to  5  mm. 

Conclusions. 

1.  In  the  derivatives  of  benzene  with  two  saturated  substituent 
groups,  the  absorption  curve  of  the  para-compounds  shows  either 
more  bands  than  the  ortho-  and  meta-compounds  or  the  same 
number  of  bands  with  a  much  greater  persistence. 

2.  The  para-compound  may  be  therefore  regarded  as  the  most 
symmetrical  of  the  three;  that  is  to  say,  the  internal  motions  of 
the  benzene  molecule  are  less  disturbed  by  the  para-  than  by  the 
ortho-  or  meta-substitution. 

Spectroscopic  JiABORAToiiY, 
University  College, 
London. 


CXXXV. — Studies  in  Chlorination.  III.  The  Pro- 
gressive Chlorination  of  Benzene  in  Presence  of 
the  Aluminium- Mercury  Couple. 

By  Julius  Berend  Cohen  and  Percival  Hartley. 

In  the  present  paper  a  description  is  given  of  the  products  obtained 
by  the  progressive  chlorination  of  benzene.  The  task  has  been  a 
comjDai'atively  easy  one,  inasmuch  as  the  total  number  of  possible 
chlorine  derivatives  is  small  (10) ;  each  step  in  the  chlorination 
process,  except  in  the  case  of  the  monochlorobenzene,  has  only  given 
rise  to  one  product ;  finally,  the  whole  series  of  comjaounds  is  known 
and  had  already  been  exhaustively  studied  by  Beilstein  and  Kurba- 
toff  {Annalcn,  1876,  182,  97;  1878,  192,  229).  It  was  only 
necessary,  therefore,  to  prepare  each  chlorine  derivative  in  turn,  and 
to  study  the  action  of  chlorine  ui3on  it.  The  progressive  chlorina- 
tion of  benzene  is  represented  in  the  accompanying  diagram. 
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1:2:3:4:5. 

The  results  confirm  the  general  rule  which  has  been  found  to 
obtain  in  the  case  of  the  chlorotoluenes  and  the  chloronitro-deriv- 
atives  of  benzene  and  toluene  (Trans.,  1902,  81,  1326,  1345  j  1904, 
85,  1276;  1905,87,  320),  and  which  may  be  expressed  as  follows: 

The  third  substituent  (chlorine  atom  or  nitro-group),  entering  the 
dichloro-  or  chloronitro-benzenes,  or  the  chlorotoluenes,  occupies 
the  unsymmetrical  position,  forming  a  1:2:  4-compound.  The 
fourth  substituent  (CI  or  NO.,)  occupies  position  5. 

In  all  the  adjacent  (1  :  2  :  3)  chloro-  or  chloroniti'o-derivatives  of 
benzene  and  toluene,  the  fourth  substituent  (CI  or  NOo)  is  adjacent 
to  the  other  three.* 


*  The  symmetrical  compounds  are  omitted  as  they  can  only  give  one  product. 
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There  is  no  marked  exception  to  this  rule,  which,  in  the  majority 
of  cases,  has  reference  to  the  only  product  of  the  reaction  in 
question;  in  a  few  cases,  to  the  main  product.  The  general  scheme 
embodying  this  rule  may  be  represented  as  follows : 


.  r 


Experimental. 

Chlormation  of  Chlorohenzene. 

Fifteen  grams  of  chlorohenzene,  j^repared  from  pure  aniline, 
were  taken,  and  chlorine  gas  passed  into  the  liquid  for  some  time. 
The  vessel  and  contents  were  then  weighed;  0-2  gram  of  the 
aluminium-mercury  couple  was  added,  when  a  vigorous  reaction 
occurred,  which  was  moderated  by  surrounding  the  vessel  with  cold 
water.  The  gas  was  passed  until  the  increase  in  weight  amounted 
to  4-6  grams.  The  product  was  then  treated  by  Friedel  and  Crafts' 
method  for  the  separation  of  the  ortho-  and  para-compounds  {Ann. 
Chim.  Phys.,  1887,  [vij,  10,  411)  as  follows:  the  liquid  was 
immersed  in  a  freezing  mixture  of  ice  and  salt,  when  a  portion  of 
the  para-compound  solidified  and  was  separated  by  filtration.  The 
liquid  was  again  cooled,  and  a  further  small  quantity  of  para- 
compound  was  removed.  The  total  amount  of  solid  obtained  in 
this  way  was  7-6  grams.  It  was  identified  as  the  para-compound 
by  converting  it  into  the  nitro-derivative,  which  melted  at  55°.  To 
the  liquid  portion  was  then  added  an  equal  volume  of  fuming 
sulphuric  acid  (18  per  cent,  of  SO3),  when  the  mixture  became  very 
hot.  It  was  left  for  an  hour,  after  which  small  pieces  of  ice  were 
added,  the  whole  being  cooled  by  immersion  in  a  freezing  mixture. 
This  addition  of  water  (or  ice)  is  necessary,  as  the  sulphonic  acid 
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otherwise  crystallises  out  on  cooling.  A  small  portion  of  the  para- 
compound  separated,  which  was  not  removed,  but  was  recovered  in 
the  next  operation.  The  sulphonated  product  was  now  distilled  in 
steam  with  a  thermometer  in  the  liquid.  The  temperature  rose 
quickly  to  115°,  and  a  white  solid  condensed  in  the  receiver,  which 
was  identified  as  the  para-compound.  At  130°  the  receiver  was 
changed,  and  a  second  fraction  collected  at  130 — 230°.  The  quan- 
tity of  this  fraction  was  small,  and  apparently  neither  solid  nor 
oil  distilled.  A  third  fraction  was  collected  between  230°  and  260°, 
when  a  considerable  quantity  of  oil  distilled.  The  action  was  very 
vigorous,  owing  to  the  decomposition  of  the  o-dichlorobenzene- 
sulphonic  acid  into  o-dichlorobenzene. 

In  addition  to  the  solid,  amounting  to  0-4  gram,  which  distilled 
in  the  first  fraction,  a  quantity  of  oil  collected  in  the  receiver  which 
did  not  solidify  in  a  freezing  mixture,  and  was  separated  by  filtra- 
tion. This  oil  distilled  at  195 — 210°  and  amounted  to  2-45 
grams.  It  was  identified  as  the  1:2:  4-trichlorobenzene  by  con- 
version into  the  nitro-compound  (m.  p.  57°). 

The  third  fraction,  distilling  at  230 — 260°,  was  cooled,  but  no 
solid  separated.  When  redistilled  it  boiled  at  174—182°.  The 
greater  portion,  which  passed  over  at  178°,  amounted  to  41  grams, 
and  was  identified  as  o-dichlorobenzene  by  conversion  into  the 
nitro-derivative  (m.  p.  42 — 43°).  Of  the  15  grams  taken,  14  5 
grams  were  recovered  in  the  fonn  of  the  para-compound  (8  grams), 
the  ortho-compound  (4  gi'ams),  and  trichlorobenzene  (2-5  grams). 


CJilorination  of  o-Dichloroh enzene. 

The  o-dichlorobenzene  was  prepared  from  o-chloronitrobenzene 
(Kahlbaum).  Fifteen  grams  were  taken  and  saturated  with  dry 
chlorine  gas;  01  gram  of  the  couple  was  added,  and  the  reaction 
at  once  commenced.  Chlorine  was  again  passed  in  until  the 
required  increase  in  weight  (3-5  grams)  was  attained.  The  dark 
product  was  shaken  with  a  little  caustic  soda  solution,  dehydrated, 
and  distilled.  The  main  portion  distilled  at  208 — 218°  and  weighed 
15-5  grams.  There  was  no  unchanged  o-dichlorobenzene,  which 
boils  at  179°.  The  remainder  in  the  flask,  which  amounted  to 
2-3  grams,  solidified  and  melted  at  117 — 125°.  After  recrystal- 
lisation  from  alcohol,  it  melted  at  136 — 137°;  it  was  converted  into 
a  nitro-compound,  which  melted  at  96 — 97°.  It  is  therefore 
1 :  2 :  4 :  5-tetrachlorobenzene,  which,  according  to  Beilstein  and 
Kurbatoff  (Joe.  cit.),  melts  at  138°  and  yields  a  nitro-derivative 
(m.  p.  98°). 

The    main    product    of    chlorination    was    nitrated    with    fuming 
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nitric  acid  in  the  cold  and,  after  standing,  poured  on  to  ice.  The 
solid  which  separated  melted  at  54 — 55°,  and,  after  recrystallisa- 
tion,  the  melting  point  rose  to  57 — 58°.  The  nitro-compound  was 
reduced  to  the  base  (m.  p.  95 — 96°),  and  this  substance  converted 
into  the  acetyl  derivative  (m.  p.  184 — 185°)  and  into  tetrachloro- 
benzene  (m.  p.  138 — 139°).  As  the  nitro-derivatives  of  the  other 
two  trichlorobenzenes  melt  respectively  at  56°  and  68°,  there  can 
be  little  doubt  that  the  product  of  chlorination  of  o-dichlorobenzene 
consists  wholly  of  the  unsymmetrical  trichloro-compound. 


Chlorination  of  m.-Dichlorohenzene. 

The  process  was  carried  out  as  previously  described.  Ten  grams 
of  pure  m-dichlorobenzene,  prepared  from  ?n-nitroaniline  (Kahl- 
baum),  were  chlorinated  until  an  increase  of  2-3  grams  was 
obtained.  The  product  was  fractionated  under  146  mm.  pressure, 
when  all  but  about  0-5  gram  distilled  at  148 — 155°  (7n'dichloro- 
benzene  distils  at  117 — 118°/ 154  mm.).  This  residue  solidified, 
and,  after  recrystallisation  from  alcohol,  melted  at  139°. 

The  main  product  was  converted  into  the  nitro-derivative,  which, 
without  purification,  melted  at  54 — 59°,  and  after  recrystallisation 
at  57 — 59°.  This  compound  was  reduced  to  the  amino-compound 
melting  at  96°,  and  finally  converted  into  the  tetrachloro-derivative 
(m.  p.  139°).  The  product,  as  in  the  previous  case,  is  wholly 
1:2:  4-trichlorobenzene. 


Chlorination  of  p-DichJorohenzene  (m.  p.  53°). 

The  chlorination  was  conducted  at  60°  so  as  to  keep  the  para- 
compound  (m.  p.  53°)  fused,  and  15  grams  of  the  substance  were 
chlorinated.  A  portion,  which  was  unchanged  and  boiled  at 
170 — 195°,  was  recovered  on  distillation;  the  main  fraction  distilled 
at  195—218°  (nearly  the  whole  at  210—212°) ;  a  residue  of  1-6  grams 
remained,  and  proved  to  be  the  1 :  2 :  4  :  5-tetrachloro-compound 
(m.  p.  136 — 137°).  The  main  portion  was  nitrated,  reduced  to  the 
amino-compound,  acetylated,  and  the  amino-group  replaced  by 
chlorine.  The  melting  points  of  the  various  products  were  the 
same  as  those  previously  obtained  in  the  other  two  cases,  and 
showed  that  the  original  chlorination  product  was  the  1:2:4- 
compound.  This  compound  is,  of  course,  the  only  one  which  can 
be  produced  from  jj-dichlorobenzene. 
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Chlorinafion   of   1:2:  A-Trichlorohenzene. 

The  fact  that  the  1  :  2 :  4 :  5-tetrachlorobenzene  was  found  to 
accompany  the  1:2:  4-trichloro-compound  in  the  chlorination  of 
the  three  dichlorobenzenes  may  be  taken  as  evidence  of  the 
formation  of  this  product  from  the  1:2:  4-compound.  Neverthe- 
less, several  experiments  were  made  with  different  quantities  of 
1:2:  4-trichlorobenzene  in  the  manner  already  described  to  con- 
firm this  result.  In  each  case  one  product  only  was  obtained, 
melting  at  135 — 136°.  For  example,  in  one  experiment  5  grams 
of  material  were  taken  and  chlorine  passed  in  until  the  requisite 
additional  weight  was  obtained;  the  product  was  crystallised,  and 
melted  at  135 — 136°.  Its  weight  was  4-3  grams,  and  0  3  gram  was 
recovered  from  the  mother  liquors  (m.  p.  128 — 131°).  This  shows 
unmistakably  that  there  is  only  one  product,  since  the  other  two 
tetrachlorobenzenes  melt  respectively  at  50 — 51°  and  45 — 46°. 
The  1 :  2 :  4 :  5-compound  was  further  converted  into  the  nitro- 
derivative  (m.  p.  97—98°). 

Chlorination  of  1  :  2  :  3-TrichJorobenzene  (m.  p.  53°). 

The  1:2:  3-trichlorobenzene  was  prepared  in  the  manner  de- 
scribed in  a  paper  by  Cohen  and  Bennett  (Trans.,  1905,  87,  324). 
The  amino-group  from  the  3:4:  5-trichloroaniline  was  removed 
by  diazotisation  in  the  ordinary  way.  Contrary  to  the  experience 
of  Beilstein  and  Kurbatoff  {he.  cit.),  we  found  this  to  be  much  the 
simplest  method  of  obtaining  it. 

As  the  substance  is  solid,  it  was  dissolved  in  an  equal  weight 
of  carbon  tetrachloride.  The  use  of  carbon  tetrachloride  necessi- 
tated the  use  of  a  double  tube,  so  arranged  that  any  vapour  of 
carbon  tetrachloride  cai-ried  over  from  the  first  tube  was  condensed 
in  the  second,  which  was  immersed  in  a  freezing  mixture.  The 
whole  apparatus  was  weighed,  and  the  chlorination  continued  until 
the  necessary  additional  weight  was  obtained.  After  removing  the 
carbon  tetrachloride,  the  residue  solidified,  and  melted  sharply  at 
44 — 45°.  It  was  nitrated  and  the  crude  nitro-derivative  melted  at 
59°,  which,  after  one  crystallisation,  melted  at  61 — 62-5°,  and  after 
a  second  at  62 — 63-5°.  The  chlorination  product  was,  therefore, 
nearly  pure  1  :  2 :  3 :  4-tetrachlorobenzene,  since  the  only  other 
product  would  be  the  1 :  2  :  3 :  5-compound,  which  melts  at  50 — 51° 
and  gives  a  nitro-derivative  melting  at  21 — -22°.  The  process  was 
repeated,  with  the  same  result. 
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Ghlorination  of  1:  3:  h-TricMornhenzene  (m.  p.   63 — 64°). 

The  compound  was  prepared  for  us  by  Mr.  P.  F.  Crosland  from 
p-nitroaniline,  which  is  first  converted  into  the  dichloro-derivative, 
the  amino-group  then  replaced  by  hydrogen,  and  the  nitro-group 
reduced  and  replaced  by  chlorine. 

NH2  NH, 


,  _^   CI/    XOI    __^    01/    ^C1    _^    01/    -01    _^   01/    -01 


\/  \/  \/ 

NO2  NO2  NO2  NH.  01 

A  very  pure  product  was  obtained,  melting  at  63 — 64°.  The 
chlorination  proceeds  smoothly,  and,  although  only  one  tetrachloro- 
derivative  can  be  formed,  it  was  extremely  difficult  to  obtain  it 
with  the  correct  melting  point,  the  crude  product  melting  at  45° 
instead  of  51°.  The  explanation  probably  is  that  a  small  trace  of 
unchanged  substance  is  sufficient  to  produce  a  large  depression  in 
the  melting  point.  After  repeated  crystallisation  from  methyl 
alcohol,  a  substance  was  eventually  obtained  in  long,  colourless 
needles  melting  at  46 — 49°.  It  is  curious  that  the  tetrachloro- 
comjtjound  is  more  soluble  than  the  trichloro-compound,  and  the 
less  fusible  fraction  consequently  accumulates  in  the  mother  liquor. 
The  above  fraction  was  analysed,  with  a  result  which  leaves  no 
doubt  that  the  compound  was  nearly  pure  1  :  2 :  3  :  5-tetrachloro- 
benzene. 

01609  gave  0-4250  AgOl.     01  =  65-36. 

O^jHgOlg  requires  01  =  58-68 ;  OgHgOl^  requires  01  =  65*74  per  cent. 

In  another  experiment  a  small,  less  soluble  fraction,  melting  at 
79 — 81-5°,  was  isolated,  which  was  probably  impure  peutachloro- 
benzeue  (m.  p.  85 — 86°). 


Chlorination  of  the  TetrachIorohen::e7ies. 

Although  the  three  tetrachlorobenzenes  can  only  give  a  single 
product,  it  seemed  an  interesting  point  to  attempt  a  comparison 
between  the  relative  rates  of  chlorination.  It  appeared  not  im- 
probable that  the  different  distribution  of  the  chlorine  atoms  might 
produce  some  effect,  either  in  promoting  or  retarding  the  process. 

The  following  observations  were  recorded.  In  the  first  place 
all  three  substances  gave  pentachlorobenzene  (m.  p.  86°),  usually 
associated  with  more  or  less  hexachlorobenzene.  The  product  from 
the  1 :  2 :  4 :  5-tetrachlorobenzene  melted  at  83 — 84-5°,  that  from 
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the  1 :  2 :  3  :  4-coiTipound  melted  at  83 — 85°,  and  that  from  the 
1:3:4:  5-isomeride  at  84—85-5°. 

None  of  the  tetrachloro-compounds  chlorinate  as  readily  as  the 
lower  chlorinated  jDrodiicts,  and  there  is  little  action  in  the  cold. 
The  rate  of  chlorination,  so  far  as  it  was  possible  to  determine  it 
by  direct  observation,  appeared  to  follow  the  order  1:3:4:5, 
1:2:3:4,  and  1 :  2  :  4  :  5,  the  last  isomeride  being  the  least  readily 
attacked.  It  should,  however,  be  pointed  out  that  the  1:2:4:5- 
compound  is  much  less  soluble  in  carbon  tetrachloride  than  the 
other  two,  and  the  dilution  has  a  considerable  effect  on  the  chlorina- 
tion process.  Nevertheless,  as  chlorination  proceeds,  it  is  possible 
to  remove  the  carbon  tetrachloride,  and  even  when  the  normal 
concentration  is  reached  the  action  in  the  last  case  seemed  very 
slow. 

Another  point  observed  was  the  relatively  large  quantity  of 
hexachlorobenzene  in  the  product.  It  appears  as  if  the  pentachloro- 
benzene,  when  once  formed,  is  rapidly  chlorinated,  so  that  it  not 
unfrequently  happened  that  either  little  change  had  occurred,  or 
that  the  greater  part  of  the  material  had  passed  to  the  final  stage 
of  chlorination. 

The  tetrachlorobenzenes  used  in  the  above  exj^eriments  were 
prepared  as  follows : 

The  1 :  2  :  4  :  5-compoiind  (m.  p.  138°)  was  obtained  from  the 
1:2:  4-trichloro-compound  by  nitrating,  reducing,  and  finally 
diazotising.  The  1  :  2  :  3 :  4-compound  (m.  p.  45°)  was  prepared 
by  the  chlorination  of  the  1:2:  3-compound,  and  the  1:2:3:5- 
compound  (m.  p.  51°)  was  made  from  trichloroaniline  by  replacing 
the  amino-group  by  chlorine. 

We  desire  to  thank  the  Research  Fund  Committee  of  the  Chemical 
Society  for  a  grant  which  has  partly  defrayed  the  cost  of  this 
research. 

The  University, 
Leeds. 


CXXXVI. — Estimation    of   Hydrogen  Peroxide   in  the 

presence   of  Potassium   Persulphate. 

By  John  Albert  Newton  Friend,  M.Sc. 

It  has  already  lieen  shown  that  hydrogen  peroxide  cannot  be  esti- 
mated in  ordinary  circumstances  in  the  presence  of  potassium  per- 
sulphate by  titration  with  potassium  pei'manganate.  The  amount  of 
permanganate    required  always    falls   short  of    the   theoretical  value 
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(Price,  Trans.,  1903,  83,  546  ;  Friend,  Trans.,  1904,  85,  597).  This 
is  probably  due  to  a  reaction  taking  place  between  the  peroxide  and 
persulphate  during  titration,  according  to  the  equation 

H2O2    +    KoSgOg    =    K2SO4    +    H2SO4    +    O2, 

the  reaction  being  catalytically  accelerated  by  some  oxide  of  man- 
ganese (Friend,  ihid.,  1533;  Harcourt  and  Esson,  Phil.  Trans.,  1866, 
156,  201  ;  Schilow,  Ber.,  1903,  36,  2745,  2749;  Skrabal,  Zeit.  anorg. 
Ghem.,  1904,  42,  1). 

In  the  sequel,  this  will  be  referred  to  as  the  "catalytic  action." 

It  was  shown,  however,  that  correct  titrations  might  be  obtained  if 
(1)  the  titrations  were  effected  with  great  rapidity,  (2)  the  volumes 
titrated  were  small,  (3)  the  concentration  of  sulphuric  acid  fairly 
great. 

Of  these  conditions,  the  first  is  the  most  difficult  to  realise,  as  it  is 
seldom  possible  to  effect  a  titration  of  any  value  in  fewer  than  about 
30  seconds,  even  if  one  knows  beforehand  the  approximate  amount  of 
permanganate  i^equired. 

This  difficulty  may  be  overcome,  however,  in  the  following  manner. 
A  slight  excess  of  permanganate  is  poured  very  rapidly  from  the 
burette  into  the  acidified  mixture  of  peroxide  and  persulphate.  The 
solution  is  then  diluted  to  about  160  c.c.  with  distilled  water  and  a 
few  drops  of  potassium  iodide  solution  added.  After  standing  for 
one  minute,  the  liberated  iodine  is  estimated  by  titration  with  sodium 
thiosulphate  solution,  using  freshly  made  starch  solution  as  indicator. 
Care  must  be  taken  not  to  add  any  great  excess  of  the  iodide,  other- 
wise the  persulphate  liberates  iodine,  thus  rendering  the  titrations  less 
accurate  (Friend,  Trans.,  1905,  87,  738).  In  this  way,  the  excess  of 
permanganate  is  determined,  and  subtraction  from  the  amount 
originally  added  gives  the  titration  required. 

In  order  that  the  rapidity  with  which  the  permanganate  was  added 
might  be  as  great  as  possible,  the  orifice  of  the  burette  was  enlarged. 
The  burette  then  delivered  30  c.c.  in  six  seconds. 

It  seems  that  before  potassium  permanganate  can  be  reduced  by 
hydrogen  peroxide,  some  bivalent  manganese  ions  must  be  formed. 
Dilute  solvitions  of  permanganate  and  peroxide  may  be  mixed  and  left 
for  several  seconds  without  any  change  of  colour  being  observable. 
But  if  a  trace  of  manganese  sulphate  is  added,  reduction  takes  place 
immediately.  For  this  reason,  it  is  usual  to  add  a  drop  of  manganous 
sulphate  solution  to  the  peroxide  before  titration  (Lowry  and  West, 
Trans.,  1900,  77,  950  ;  Price,  loc.  cit.  ;  Friend,  Trans.,  1904,  85, 
1533;  L.  L.  de  Koninck,  Bull.  Soc.  chim.  Belg.,  1904,  18,  56). 
It  is  not  advisable  to  do  so  in  the  present  case,  however,  as,  in  the 
absence  of  manganous  sulphate,  veiy  often  50   per  cent,   of  the  per- 
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manganate  can  be  added  before  decomposition  takes  place.  This 
obviously  has  the  same  effect  as  still  further  reducing  the  time  of 
titration.  The  solution  should  not  be  shaken  during  titration,  as  this 
is  found  to  assist  the  catalytic  action  ;  it  should  be  well  shaken,  how- 
ever, when  all  the  permanganate  has  been  added,  both  to  ensure  proper 
mixing  and  to  expel  excess  of  free  oxygen. 

By  increasing  the  amount  of  sulphuric  acid  in  the  mixture  of  per- 
oxide and  persulphate,  the  amount  of  permanganate  required  increases. 
If  the  concentration  of  the  acid  is  sufficiently  great,  the  titration  may 
reach  the  theoretical,  even  although  the  rate  of  titration  is  not  very 
great.  This  is  in  accordance  with  the  results  obtained  by  Baubigny 
{ComjJt.  rend.,  1903,  136,  449  and  1325),  who  finds  that  the  quantity 
of  ammonium  persulphate  necessary  to  oxidise  manganese  salts  to  the 
peroxide  increases  with  the  concentration  of  sulphuric  acid.  The 
reason  for  this  is  not  clear  (Skrabal,  Zeit.  anorg.  Chem.,  1904,  42,  60; 
Ehrenfeld,  Zeit.  anorg.  Chem.,  1902,  33,  117).  Dilution  of  the 
mixture  of  peroxide  and  persulphate  has  the  opposite  effect. 

The  following  table  gives  the  result  of  diluting  5  c.c.  of  a  mixture 
of  peroxide  and  persulphate  with  Nj^  sulphuric  acid  before  titration. 
This  is  instructive,  since  the  effects  due  to  the  acid  and  dilution 
respectively  oppose  one  another. 

Column  I  gives  the  volume  titrated. 

Column  II  gives  the  volume  of  acid  added. 

Column  III  gives  the  titre  in  c.c.  of  i7/50  permanganate. 

The  time  of  titration  was  40  seconds  in  each  case. 


Volume. 

H,SO,. 

KMuO^. 

Volume. 

H,SO,. 

KMn04- 

6  c.c. 

1  c.c. 

24-72  c.c. 

15  c.c. 

10  c.c. 

25-12  c.c 

7    „ 

2  „ 

24-80   „ 

20    „ 

15    „ 

25-05  „ 

10    „ 

5  „ 

24-95    „ 

25    „ 

20    „ 

24-95  „ 

12    „ 

7  „ 

25-07    „ 

Theoretical 

25-27  „ 

The  titration  is  the  maximum  when  the  volume  is  15  c.c.  This 
shows  that  if  accurate  titrations  are  desired  the  volume  must  be  kept 
small,  even  at  the  expense  of  the  concentration  of  the  acid. 

Correct  Estimations. — More  than  fifty  estimations  of  hydrogen  per- 
oxide have  been  effected  according  to  the  foregoing  method.  In  no 
case  did  the  error  exceed  1  per  cent,  in  the  presence  of  any  amount  of 
persulphate  not  exceeding  OOS  gram.  If  more  than  this  quantity  was 
present,  the  titrations  became  less  accurate  owing  to  the  liberation  of 
iodine  by  the  persulphate  (Friend,  loc.  cit.).  It  was  found  to  be  im- 
material whether  a  great  excess  of  permanganate  was  added  or  not.  In- 
accurate results  were  repeatedly  obtained,  however,  if  the  perman- 
ganate solution  was  used  after  standing  for  more  than  about  twelve  hours. 
This  was  probably  due  to  slight  decomposition  whereby  some  oxide  of 
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manganese  was  set  free,  which  assisted  the  catalytic  action,  since  the 
permanganate  was  not  specially  purified  (Gardner  and  North,  J.  Soc. 
Chem.  hid.,  1904,  23,  599).  A  fresh  solution  was  therefore  prepared 
each  day  by  dissolving  0"632  gram  of  the  crystals  in  cold  water  and 
diluting  to  one  litre  ;  iV/lOO  thiosulphate  was  used  which  had  been 
made  several  days  previously  (Dupre,  Zeit.  angew.  Chem.,  1904,  17, 
815). 

Tilt:  Grammar  School, 
Watford. 


CXXXVIL — Tlie  Interaction  of  Sidpliuretted  Hydrogen 
and  Arsenic  Peiitoxide  in  presence  of  Hydrochloric 
Acid. 

By   Francis  Lawry  Usher  and  Morris  William  Travers, 
D.Sc,  F.R.S. 

The  following  investigation  was  the  outcome  of  some  observations  on 
the  separation  of  arsenic  from  commercial  hydrochloric  acid  by  treat- 
ing it  with  sulphuretted  hydrogen.  It  was  found,  as  might  have  been 
expected,  that  the  arsenic  present  in  the  tervalent  condition  was 
immediately  and  completely  separated  by  the  action  of  the  gas.  The 
arsenic  present  in  the  quinquevalent  condition  separated  slowly,  and 
appeared  to  be  precipitated  sometimes  as  arsenic  pentasulphide, 
sometimes  as  the  trisulpbide  mixed  with  sulphur.  It  appeared 
interesting  to  determine  under  what  conditions  each  of  these  substances 
was  formed,  and,  if  possible,  to  investigate  the  mechanism  of  the 
reaction. 

Brauner  and  Tomicek  (Trans.,  1888,  53,  145),  who  investigated 
the  interaction  of  sulphuretted  hydrogen  with  solutions  of  arsenic 
acid  containing  up  to  8  per  cent,  of  hydrochloric  acid,  found  that 
in  absence  of  hydrochloric  acid,  a  solution  containing  0-6  per  cent,  of 
arsenic  pentoxide  gave  a  precipitate  which,  after  removing  the  free 
sulphur,  consisted  of  85  per  cent,  of  the  pentasulphide.  In  presence 
of  8  per  cent,  of  hydrochloric  acid,  the  precipitate  consisted  of  the 
pure  pentasulphide.  They  did  not,  however,  carry  out  any  experi- 
ments with  more  concentrated  acid. 

Experimental. 

We  have  repeated  and  confirmed  Brauner  and  Tomicek's  work 
in  the  case  of  solutions  of  dilute  hydrochloric  acid,  and    have    also 
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extended  the  investigation  to  solutions  containing  up  to  32  per 
cent,  of  hydrogen  chloride,  obtaining  in  the  latter  case  different, 
and  interesting,  results,  which  are  given  in  the  following  table. 
The  experiments  were  carried  out  at  about  15°,  and  in  every  case 
the  solution  contained  0*3664  per  cent,  of  the  pentoxide. 


HCl 

Composition  of 

HCl 

Composition  of 

er  cent. 

precipitate. 

per  cent. 

precipitate. 

1-8 

As.^S5,  91  per  cent. 

U-31 

AsjSg,  pure. 

7-9 

As.Sg,  pure. 

25-10 

AsgSg,  58  per  cent 

10-76 

AsoSj,  pure. 

32-27 

AS2S3,  pure. 

The  solution  was  contained  in  a  flask,  and  sulphuretted  hydrogen 
was  slowly  bubbled  through  the  liquid  at  the  rate  of  about  five 
bubbles  per  second.  After  about  twelve  hours,  the  current  of  gas 
was  stopped,  and  the  precipitate  was  collected,  washed  with  water 
and  alcohol,  and  extracted  for  six  hours  in  a  i^Soxhlet's  apparatus 
with  carbon  disulphide,  the  final  product  being  analysed  by  the 
usual  method. 

Study  of  the  Reaction  in  p'esence  of  Small  Concentrations  of  Hydro- 
chloric Acid. — The  reaction  between   arsenic   acid   and    sulphuretted 
hydrogen,  which  results  in  the  formation  of  arseuious  sulphide  and 
sulphur,  may  be  supposed  to  take  place  in  two  or  more  stages.    Thus  : 
i.  As.Os  +  2H,S  =  AS2O3  +  2H2O  +  2S. 

ii.  AS2O3  +  SH^S  =  As.^S3  +  3HoO. 

The  second  reaction  and  possibly  an  intermediate  reaction  in- 
volving the  formation  of  arsenic  trichloride  do  not  concern  us,  as 
these  reactions  ai'e  certainly  instantaneous. 

The  reaction  which  results  in  the  formation  of  the  pentasulphide 
may  be  written  simply  : 

iii.  As,05  +  5H2S  =  As,S5  +  5H.O, 
although  it   is  probable   that   one   is  really  dealing  with   a   hydrated 
form  of  the  pentoxide,  and  that  the  equation  does  not  strictly  represent 
the  fact. 

It  was  our  object  to  investigate  the  conditions  which  favour  reactions 
i  and  iii  respectively,  but  although  it  might  have  been  possible  to 
throw  some  light  on  the  matter  by  studying  the  reaction  velocity  with 
different  concentrations,  the  experimental  difficulties  were  considerable, 
and  on  account  of  the  complex  character  of  the  reacting  substance, 
we  abandoned  this  idea. 

It  appeared  probable  that  the  action  of  the  hydrochloric  acid  was 
negatively  catalytic,  either  with  regard  to  the  oxidising  action  of  the 
arsenic  acid  or  to  the  reducing  action  of  the  sulphuretted  hydrogen. 
In  accordance  with  this  view  we  first  of  all  studied  the  reduction  and 
oxidation  of  these  two  substances  respectively  in  pi-esence  of  varying 
concentrations  of  hydrochloric  acid. 
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The  reduction  of  a  solution  containing  0*684  per  cent,  of  arsenic 
pentoxide  by  a  solution  of  sulphur  dioxide  in  presence  of  varying  con- 
centrations of  hydrochloric  acid  was  first  studied.  The  results  are  as 
follows  : 


As.,05  per  cent. 

SO2  per  cent. 

HCl  per  cent. 

Result. 

\a)  0-684 

3-272 

4-9 

Complete  reduction  in  45'. 

(b)  0-684 

3-272 

20-3 

28-3  per  cent,  reduced  in  45'. 

(c)  0-684 

3-272 

32-0 

Complete  reduction  in  45'. 

The  experiment  c  will  be  considered  later.  "With  regard  to  a  and  b, 
it  is  obvious  that  the  rate  of  reduction  of  the  pentoxide  is  considerably 
retarded  by  the  presence  of  the  hydrochloric  acid. 

We  next  investigated  the  rate  of  oxidation  of  sulphuretted  hydrogen 
by  iodine  and  by  feri'ic  chloride  in  presence  of  varying  concentrations 
of  hydrochloric  acid.  The  sulphuretted  hydrogen  was  in  excess  of  the 
second  reagent  and  the  concentrations  of  the  hydrochloric  acid  were 
2  and  10  per  cent,  in  the  two  samples.  The  time  between  the  com- 
mencement of  the  experiment  and  the  moment  at  which  the  last  trace 
of  iodine  or  ferric  salt  could  be  detected  was  observed.  The 
presence  of  the  hydrochloric  acid  appeared  to  have  no  effect  on  the 
velocity  of  the  reaction. 

It  appears  then  that  the  effect  of  the  presence  of  the  hydrochloric 
acid  in  the  reaction  between  arsenic  acid  and  sulphuretted  hydrogen 
is  due  to  its  influence  on  the  arsenic  acid.  It  does  not  appear 
possible  to  give  a  more  detailed  explanation,  for  although  arsenic 
acid  is  a  fairly  strong  acid,  and  in  dilute  solution  may  be  considered 
as  undergoing  dissociation,  the  influence  of  the  increase  in  concentra- 
tion of  the  hydrogen  ions,  due  to  the  addition  of  hydrochloric  acid,  in 
reducing  the  concentration  of  the  arsenic-containing  ions  throws  no 
light  on  the  mechanism  of  the  reaction. 

A  few  experiments  were  made  with  solutions  containing  larger 
quantities  of  pentoxide.  It  is  unnecessary  to  enter  into  the  details  of 
these  experiments;  it  suffices  to  state  that,  as  might  have  been 
expected,  the  tendency  to  form  the  trisulphide  increased  with  the 
concentration  of  the  pentoxide. 

Study  of  the  Reaction  in  jjresence  of  Concentrated  Hydrocldoric  Acid. 

It  has  been  observed  that  the  reaction  of  arsenic  acid  with  either 
sulphuretted  hydrogen  or  sulphur  dioxide  in  presence  of  concentrated 
hydrochloric  acid  results  in  its  complete  and  rapid  reduction  to 
arsenious  compounds. 

This  reaction  probably  finds  an  explanation  in  the  fact  that  the 
change  may  be  represented  by  the  equation 

AsgO^  +  lOHCl  ^  2ASCI3  -I-  2CI2  +  5H2O, 
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which  is  accompanied  by  further  instantaneous  reactions,  involving  the 
formation  of  the  trisulphide  and  sulphur  from  the  sulphuretted 
hydrogen. 

It  appears  that  the  condition  of  equilibrium  expressed  by  the 
foregoing  equation  shifts  rapidly  to  the  right  with  increasing  con- 
centration of  the  hydrochloi'ic  acid.  A  small  quantity  of  the  dry 
pentoxide  sealed  up  in  a  glass  tube  with  pure  anhydrous  hydrogen 
chloride  in  the  liquid  state  was  i-apidly  acted  on  at  the  ordinary 
temperature.  After  a  few  hours,  the  white  solid  had  disappeared,  and 
the  tube  contained  two  immiscible  layers  of  liquid.*  On  cooling 
the  tube  in  liquid  air,  breaking  off  the  point,  and  allowing  the  tube  to 
regain  the  ordinary  temperature,  hydrogen  chloride  and  chlorine,  which 
formed  the  upper  (yellow)  layer,  were  first  given  off  ;  the  gas,  however, 
did  not  contain  arsenic.  The  contents  of  the  tube  were  then  washed 
out  and  were  found  to  contain  a  solution  of  an  arsenious  compound. 

University  College, 
Bristol. 


CXXXVIII. — Studies  in  Asymmetric  Synthesis.  III. 
The  Asymmetric  Synthesis  of  \- Lactic  Acid.  The 
Optical  Activity  of  Fermentation  Lactic  Acid. 

By  Alexander   McKenzie, 

It  was  shown  in  a  former  paper  (Trans.,  1904,  85,  1249)  that 
when  ^menthyl  benzoylformate  is  reduced  by  aluminium  amalgam,  the 
product  consists  of  a  mixture  of  unequal  amounts  of  ^menthyl  cZ-man- 
delate  and  ^-menthyl  ^-mandelate  containing  a  slight  preponderance  of 
the  latter.  Owing  to  the  racemising  influence  of  the  alkali  used  to 
saponify  the  ester  mixture,  the  asymmetric  synthesis  of  ^mandelic  acid 
was  not,  however,  successful. 

Since  Cohen  and  Whiteley  (Trans.,  1901,  79,  1305)  had  previously 
attempted  the  asymmetric  synthesis  of  lactic  acid  by  the  reduction  of 
menthyl  pyruvate,  it  thus  appeared  possible  that  the  negative  result 
obtained  by  them  may  have  been  due  to  the  action  of  the  alkali, 
which  might  have  been  such  as  to  lead  to  the  production  of  an  optically 

*  When  hydrogen  chloride  is  condensed  in  a  tube  containing  a  small  quantity  of 
its  saturated  solution  and  the  tube  is  sealed  and  allowed  to  warm  up  to  the  normal 
temperature,  two  layers  are  formed,  the  upper  layer  containing  more  hydrogen  chloride 
than  the  lower.  On  cooling  to  -18°,  the  hydrate,  HCl,2HoO,  separates  in  equi- 
librium with  pure  liquid  hydrogen  chloride. 

VOL.   LXXXVII.  4    Y 
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inactive  lactic  acid  even  had  a  mixture  of  unequal  amounts  of 
^-menthyl  cZ-lactate  and  ^-menthyl  ^-lactate  been  formed  by  the 
reduction. 

The  author  was  led  to  examine  the  reduction  of  rmenthyl  pyruvate 
in  consequence  of  certain  observations  incidental  to  the  work  recently 
published  conjointly  with  H.  B,  Thompson  (this  vol.,  p.  1004).  In  the 
course  of  this  investigation  we  had  occasion  to  prepare  ^menthyl 
cZMactate  and  ^bornyl  tZMactate,  and  for  this  purpose  at  first  used  the 
lactic  acid  syrup  provided  by  Kahlbaum,  supposing  at  the  time  that 
this  product  was  optically  inactive.  The  results  of  the  fractional 
hydrolysis  of  the  esters  prepared  from  this  source  were,  however,  of 
such  an  order  that  doubt  was  cast  on  the  inactivity  of  our  original  lactic 
acid  syrup,  and  on  examining  this  we  found  it  to  be  dextrorotatory. 
With  the  view  of  obtaining  a  supply  of  lactic  acid,*  recourse  was  had 
to  various  other  firms,  but  in  every  case  the  fermentation  lactic  acid 
(Gahrungsmilchsaure)  procured  proved  to  be  active.  This  is  all  the 
more  remarkable  since  the  statement  appears  in  text-books  and  in 
original  memoirs  that  the  acid  in  question  is  inactive ;  it  was,  as  a 
matter  of  fact,  the  comparison  of  the  salts  of  fermentation  lactic  acid 
with  those  of  the  d^ncid  made  from  meat  extract  which  suggested  to 
Wislicenus  the  possibility  of  interpreting  the  existence  of  isomeric 
lactic  acids  on  stereochemical  grounds,  and  thus  paved  the  way  for  the 
theory  of  the  asymmetric  carbon  atom. 

An  attempt  was  made  to  prepare  i-lactic  acid  from  Kahlbaum's 
dextrorotatory  product  by  heating  the  latter  with  alkali,  but  race- 
misation  took  place  so  slowly  that  the  method  was  discarded.  The  im- 
portant fact,  however,  from  the  point  of  view  of  the  asymmetric 
synthesis  of  lactic  acid  recorded  in  the  present  paper  is  that  active 
lactic  acid,  as  contrasted  with  active  mandelic  acid,  is  comparatively 
stable  towards  alkali.  Whilst,  then,  a  mixture  of  unequal  amounts  of 
Z-menthyl  cZ-mandelate  and  ^-menthyl  ^-mandelate  yields  inactive 
mandelic  acid  when  hydrolysed  by  an  excess  of  alkali,  it  now  appeared 
less  probable  than  before  that  a  mixture  of  unequal  amounts  of 
^-menthyl  f/-lactate  and  /-menthyl  ^-lactate  would  yield  inactive  lactic 
acid  under  similar  treatment. 

When  ^-menthyl  pyruvate  is  reduced  by  aluminium  amalgam,  a  mix- 
ture of  vinequal  amounts  of  ^-menthyl  cZ-lactate  and  ^menthyl  Mac- 
tate  containing  an  excess  of  the  latter  is  formed.  When  this  mixture 
is  hydrolysed  by  an  excess  of  alcoholic  potassium  hydroxide  and  the 
^-menthol  removed,  a  dextrorotatory  potassium    salt,   containing  an 

*  The  lactic  acid  required  for  the  experiments  in  question  was  obtained  by  re- 
crystallising  Kahlbaum's  calcium  lactate  several  times  and  then  decomjjosing  the 
crop  by  mineral  acid.  The  syrup  resulting  from  the  ethereal  extract  was  quite 
inactive  when  examined  in  a  2-dcm.  tube. 
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excess  of  Mactate  over  cZ-lactate,  is  produced ;  this  mixture,  on  acidifi- 
cation by  a  mineral  acid,  becomes  Ijevorofcatory.  The  asymmetric 
synthesis  of  Mactic  acid  was  accordingly  accomplished. 

The  Optical  Activity  of  Fermentation  Lactic  Acid. 

Various  samples  of  lactic  acid  syrup  were  examined  polarimetrically 
with  the  following  results  : 


Source. 
Kahlbaum   

af  (/  =  2). 
+  3-25° 
+  2-20 
+  1-52 
+  2-09 

+  0-39 

Source. 
Harrington  Brotliers    . 

Merck 

Schuchardt    

F.  Kendall  and  Son 

....     +0-07° 
....      -0-87 

" 

1-14 

Konie  and  Co 

-1-18 

Southall  Brotliei-s  an 
Ltd 

d  Barclay, 

The  samples  from  Kahlbaum  were  procured  at  different  times  within 
the  last  few  years.  A  specimen  from  the  lecture-room  collection  of 
the  Chemical  Department  of  the  University  of  Birmingham,  and  which 
had  been  procured  more  than  ten  years  ago  gave  ay +  0-77°  (^  =  2). 

Kahlbaum's  product  giving  aD  +  3'25°  (^  =  2)  was  further  examined  : 
ten  grams  were  diluted  with  water,  when  the  solution  (15  c.c.)  gave 
aD  +  2'0°  (^  =  2),  a  value  which  was  unchanged  after  several  days  at  the 
ordinary  temperature.  Another  ten  grams  were  diluted  with  water, 
and  the  solution  (25  c.c.)  boiled  for  ten  hours,  the  bulk  being  kept 
approximately  constant ;  the  sign  of  rotation  changed,  the  value  found 
being  aD°-0-22°  (^  =  2).  The  solution  was  then  boiled  with  an  excess 
of  zinc  carbonate,  the  aqueous  solution  of  the  zinc  salt  concentrated, 
and  a  crop  of  11  "2  grams  of  hydrated  zinc  salt  withdrawn  ;  a  saturated 
solution  of  this  compound  when  examined  in  a  4-dcm.  tube  was  inactive. 
The  filtrate  (86  c.c.)  was  dextrorotatory,  giving  1=^,  c  =  2"0395, 
aD°  +  0-52'',  whence  [a]D°  +  6"4°  ;  it  became  Itevorotatory  when  acidified. 

The  lactic  acid  present  in  this  specimen  accordingly  consisted  of  a 
mixture  of  unequal  amounts  of  the  enantiomorphous  forms,  contain- 
ing an  excess  of  the  ^-acid.  The  dextrorotation  is,  of  course,  due  to 
the  presence  of  Mactic  anhydride,  which  is  strongly  dextrorotatory, 
whereas  the  ?-acid  is  Ijsevorotatory.  When  boiled  with  water,  the 
^anhydride  is  converted  into  the  ^acid,  the  zinc  salt  of  which  is  dextro- 
rotatory.* 

Fermentation  lactic  acid  as  now  prepared  is  thus  optically  active. 
As  already  pointed  out,  this  is  not  generally  recognised,  although  it 
has  been  indicated  by  Ulpiani  and  Condelli  {Gazzetta,  1900,  30,  344), 
who,  in  disproving  Pere's  results  on  the  action  of  sunlight  on  calcium 
lactate  {Ann.  Inst.  Pasteur,  1893,  7,  737),  detected  a  slight  activity  of 

*  Although  Walden  {Ber.,  1899,  32,  2861)  proposes  to  designate  the  acid  prepared 
from  meat  extract  as  Mactic  acid,  his  nomenclature  has  not  generally  been  adopted. 

4  Y  2 
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the  fermentation  lactic  acid  used,  the  value  being  aj;°+17'  (length  of 
tube  not  stated). 

Although  lactic  acid  was  discovered  in  sour  milk  by  Scheele  in  1780, 
and  was  subsequently  investigated  by  Gay-Lussac  and  Fremy  amongst 
others,  it  was  not  until  1857  that  the  role  of  bacteria  in  its  formation 
was  demonstrated  by  Pasteur.  The  isolation  by  Hlippe  of  Bacillus 
acidi  lactici,  which  appears  to  be  almost  invariably  present  during 
the  souring  of  milk,  led  to  the  discovery  of  other  micro-organisms 
which  have  the  property  of  converting  sugars  into  lactic  acid,  so  that 
nowadays,  with  the  advance  of  bacteriological  methods,  lactic  acid 
fermentation  is  readily  incited  by  the  inoculation  of  sugar  solutions 
with  a  pure  culture. 

The  pi'evailing  opinion  that  fermentation  lactic  acid  is  inactive  is 
doubtless  based  on  observations  with  a  product  obtained  according  to 
Bensch  (Annalen,  1847,  61,  174.  Compare  also  Lautemann,  Annalen, 
1860,  113,  242).  According  to  this  method,  cane  sugar  and  a  little 
tartaric  acid  are  dissolved  in  water  and  a  mixture  of  putrid  cheese 
and  sour  milk  added.  The  fermentation  proceeds  vigorously  at 
30 — 35°,  and  the  lactic  acid  as  it  is  formed  is  neutralised  by  means  of 
powdered  chalk.  When  the  fermentation  is  finished,  boiling  water  is 
added  to  the  pasty  mass,  and  the  filtrate  concentrated  by  evaporation. 
The  calcium  lactate  which  crystallises  is  separated,  dissolved  in 
water,  and  the  requisite  amount  of  sulphuric  acid  added.  Calcium 
sulphate  is  then  drained  off  and  the  solution  of  lactic  acid  converted 
into  zinc  salt,  Avhich  is  separated  from  its  solution  and  then  decom- 
posed by  hydrogen  sulphide. 

Even  on  the  supposition  that  unequal  amounts  of  d-  and  Z-acids, 
where  one  of  the  isomerides  Avas  not  in  very  large  excess,  were  formed 
by  the  decomposition  of  the  sugar,  this  method  would  probably 
invariably  yield  an  inactive  acid  as  the  final  product  if  the  crystallisa- 
tions were  conducted  from  solutions  which  were  not  too  concentrated, 
and  if  the  crops  separated  were  well  drained  from  adhering  mother 
liquor . 

Both  inactive  calcium  lactate  and  zinc  lactate  are  r-compounds  and 
not  c?Z-conglomerates ;  if  then,  for  example,  a  mixture  of  calcium 
r-lactate  and  calcium  c?-lactate  were  crystallised,  the  crop  would  be 
inactive  and  the  mother  liquor  active. 

As  contrasted  with  Bensch's  method,  which  depends  for  its  success 
on  the  fortuitous  action  of  a  mixture  of  micro-organisms  on  sugar,  the 
following  procedure  of  Claflin  (/.  Soc.  Chem.  hid.,  1897,  16,  516. 
Compare  Emmerling,  Die  Zersetzung  Stickstofffreier  07'ganischer  Suh- 
slanzen  durch  Bakterien,  Braunschweig,  1902,  p.  32)  may  be  quoted 
as  representative  of  more  modern  methods.  A  mixture  of  <i-glucose 
and  cane  sugar  with  an  adequate  amount  of  nitrogenous  material  is 
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boiled  with  water,  cooled  to  45 — 55°,  and  then  impregnated  with 
milk  in  which  a  pure  culture  of  lactic  acid  bacillus  had  multiplied 
under  pure  culture  conditions.  As  the  fermentation  proceeds,  the 
solution  is  neutralised  by  milk  of  lime  or  chalk.  The  solution  of 
calcium  lactate  obtained  when  the  fermentation  is  stopped  is  filtered  hot 
and  evaporated.  In  some  cases  the  calcium  lactate  is  purified  by 
crystallisation,  but  in  other  cases  the  requisite  amount  of  sulphuric 
acid  is  added  without  crystallising  out  the  calcium  lactate,  and  the 
aqueous  solution  remaining  after  removal  of  the  calcium  sulphate  is 
simply  evaporated  to  a  small  bulk. 

It  is  thus  easy  to  understand  why  fermentation  lactic  acid,  as  now 
manufactured,  is  optically  active.  The  action  of  the  pure  culture  on 
the  sugar  appears  almost  invariably,  if  not  invariably  (and  this  is  a 
point  which  still  requires  investigation),  to  produce  not  t-lactic  acid, 
but  a  mixture  of  unequal  amounts  of  the  d-  and  Z-isomerides.  If  this 
mixture  be  converted  into  calcium  salt  and  the  aqueous  solution 
allowed  to  crystallise,  the  crop  which  separates  may  consist  entirely  of 
the  calcium  r-salt,  the  active  salt  remaining  in  the  mother  liquor.  In 
this  case  the  lactic  acid  obtained  from  the  crop  would,  of  course,  be 
inactive.  But  if  the  crystallisation  of  the  calcium  salt  be  conducted 
from  concentrated  solution  with  no  special  precautions  to  wash  the 
precipitate  quite  free  from  the  mother  liquor,  and  especially  if  the 
bacterial  action  had  been  such  as  to  produce  a  considerable  excess  of 
one  of  the  active  forms  of  lactic  acid,  the  crop  obtained  might  well 
contain  some  active  salt,  and,  when  decomposed,  would  accordingly 
yield  an  active  lactic  acid  syrup.  In  those  cases  where  the  calcium 
salt  is  not  crystallised  out,  but  the  solution  is  treated  directly  with 
sulphuric  acid,  the  formation  of  an  active  syrup  is  also  to  be  expected. 

The  methods  employed  by  many  bacteriologists  for  determining 
which  particular  form  of  lactic  acid  is  produced  by  the  growth  of 
micro-organisms  in  sugar  solutions  are  often  incorrect.  Thus,  Pottevin 
{Ann.  Inst.  Pasteur,  1898,  12,  49),  who  concludes  that  lactic  acid 
bacilli  produce,  as  a  general  rule,  i-lactic  acid  from  sugars,  obtains 
zinc  r-lactate  by  the  growth  of  a  lactic  acid  bacillus  on  lactose,  but, 
before  this  he  had  converted  the  acid  obtained  into  its  zinc  salt,  which 
was  ci-ystallised  twice,  his  observation  of  the  inactivity  of  the  salt 
having  been  made  with  the  crystallised  crop.  He  is  not  justified  in 
concluding,  as  he  does,  from  this  observation  that  the  product  of  the 
action  of  the  organism  on  lactose  is  the  i-acid ;  it  might  equally  well 
have  been  a  mixture  of  unequal  amounts  of  the  d-  and  Z-acids,  the 
zinc  salt  of  which,  when  crystallised,  might  give  an  inactive  crop,  but 
an  active  mother  liquor.  A  similar  criticism  may  be  applied  to 
certain  of  Pere's  results  {Ann.  Inst.  Pasteur,  1898,  12,  63).  Again, 
Kozai  {Zeit.  Hygiene,   1899,  31,   337),  who   examined  the  lactic  acid 
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from  sour  milk,  converted  it  into  zinc  salt,  which  was  crystallised 
twice  from  water,  the  filtrates  having  been  neglected,  and  his  conclu- 
sions respecting  the  nature  of  the  lactic  acid  formed  are  based  on  the 
examination  of  the  crystallised  zinc  lactate.  In  certain  cases  he 
isolated  zinc  d-lactate,  and  in  other  cases,  where  the  bacterial  growth 
took  place  at  a  higher  temperature,  zinc  r-lactate  was  obtained.  He 
accordingly  concluded  that  in  the  former  case  c^-lactic  acid  was  alone 
formed,  and  in  the  latter  case  the  i-acid  was  alone  formed.  It  seems 
to  me  much  more  probable  that  in  both  cases  a  mixture  of  unequal 
amounts  was  formed.  At  the  lower  temperature,  Bacillus  aoidi 
paralactici  is  the  predominant  micro-organism,  and  most  likely 
produces  a  mixture  of  unequal  amounts  of  the  d-  and  ?-acids,  con- 
taining a  large  excess  of  the  former,  and  Kozai's  treatment  of  the 
product  does  not  either  prove  or  disprove  this.  At  higher  tempera- 
tures, Kozai  found  that  two  other  organisms  multiply,  namely.  Bacillus 
acidi  loivolactici  Hale7isis  and  Micrococcus  acidi  2}ciralactici  liquefaciens 
Halensis,  the  former  of  which  presumably  produces  a  mixture  of  d- 
and  ^acids,  containing  an  excess  of  the  latter.  At  the  more  elevated 
temperature,  therefore,  at  which  Kozai  concludes  that  the  t'-acid  is 
formed,  the  growth  of  at  least  three  micro-organisms  is  proceeding, 
two  of  which  yield  an  excess  of  d-  over  ^-acid  and  the  third  an  excess 
of  I-  over  (Z-acid,  As  the  temperature  rises,  the  action  of  Bacillus 
acidi  Icevolactici  Halensis  becomes  more  marked,  so  that  it  is  not 
astonishing  to  find,  as  Leichmann  (Centr.  Bakt.  Par.,  1896,  [ii],  777) 
does,  that  an  excess  of  I-  over  cZ-acid  is  formed  at  the  higher  tempera- 
ture. Further,  Kozai's  results  are  not  opposed  to  those  of  Giinther 
and  Thierfelder  {Hijg.  Rundsch.,  1894,  p.  405),  Avho  found  in  sour 
milk  a  mixture  of  i-  and  cZ-acids. 

Now  that  Buchner  and  Meisenheimer  (Ber.,  1903,  36,  634)  and 
Herzog  {Zeit.  2yli'!/siol.  Chem.,  1903,  37,  381)  have  shown  that  lactic 
acid  fermentation  can  proceed  with  the  aid  of  an  extract  obtained  from 
the  living  organism  but  containing  no  living  cells,  it  is  of  interest  to 
interpret  from  this  standpoint  the  formation  of  lactic  acid  from 
c?-glucose.  Inasmuch  as  lactic  acid  bacilli  are  not  prone  to  resolve 
t-lactic  acid  into  its  optically  active  components,  it  is  highly  im- 
probable that  the  activity  of  fermentation  lactic  acid  is  due  to  the 
initial  formation  of  i-lactic  acid  from  glucose  and  the  subsequent 
partial  resolution  into  the  optical  antipodes.*  It  is  much  more  likely 
that  the  mixture  of  unequal  amounts  of  the  d-  and  ^acids  is  produced 
from  glucose  without  the  intermediate  formation  of  the  i-acid.  In 
their  studies  of  the  chemical  changes  involved  in  alcoholic  fermenta- 
tion, Buchner  and  Meisenheimer  (5er.,  1904,  37,  417)  have  made  the 
*  P.  F.  Frankland  and  MacGregor  (Trans.,  1893,  63,  1028)  have  shown  that 
i-lactic  acid  can  be  resolved  into  its  optically  active  components  by  bacterial  growth. 
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important  discovery  that  lactic  acid  is  invariably  formed  as  an  inter- 
mediate product  in  the  transformation  of  glucose  into  alcohol,  the 
transient  existence  of  a  hypothetical  dihydroxy-y-ketonic  acid  being 
assumed,  thus  : 

H     OH  H     H  H  H 

CHO-C  — C— C— C'CH2-0H      -->     CO.H-C-CHg-CO-C-CHg    -^ 
OH  H      OH  OH    "  OH  OH 

2CH3-CH(OH)-CO,,H. 

Now  if  such  a  change  occurred  under  symmetric  conditions  and  if  no 
racemisation  took  place,  the  lactic  acid  formed  would  either  be  the 
pure  cl~  or  the  pure  ^-form,  since  the  asymmetry  originally  present  in 
the  c?-glucose  would  be  preserved  in  the  resulting  lactic  acid.  But 
under  the  asymmetric  conditions  which  obtain  during  the  growth  of  a 
lactic  acid  bacillus  on  c?-glucose,  where  the  asymmetric  and  presumably 
optically  active  enzyme  generated  by  the  bacillus  combines,  let  us 
suppose,  with  the  y-ketonic  acid  postulated  by  Buchner  and  Meisen- 
heimer,  we  have  then  a  system,  which  by  its  disruption  can  produce 
a  mixture  of  unequal  amounts  of  d-  and  Mactic  acids  (compare 
McKenzie,  Trans.,  1902,  81,  1411  ;  McKenzie  and  Harden,  Trans., 
1903,  83,  435  ;  Dakin,  Proc,  1903,  19,  161 ;  J.  Physiol.,  1903,  30, 
253;  1905,  32,  199). 

Nef  {Annalen,  1904,  335,  254,  279)  has  proved  that  pyruvic 
aldehyde  is  produced  as  an  intermediate  product  in  the  formation  of 
lactic  acid  from  cZ-glucose  by  the  agency  of  sodium  hydroxide,  and 
considers  it  likely  that  this  substance  is  also  formed  as  an  inter- 
mediate product  in  lactic  acid  fermentation,  Buchner  and  Meisen- 
heimer,  who  conclude  that  the  lactic  acid  formed  during  alcoholic 
fermentation  is  inactive,  are  inclined  in  a  subsequent  paper  {Ber., 
1905,  38,  620)  to  agree  with  Nef  that  pyruvic  aldehyde  is  the  primary 
product  in  preference  to  the  hypothesis  of  the  formation  of  a  y-ketonic 
acid.  It  is  difficult,  however,  to  account  for  the  formation  of  an 
optically  active  fermentation  lactic  acid  if  we  accept  Nef's  view. 

The  Asymmetric  Synthesis  of  l-Lactic  Acid. 

When  a  mixture  of  unequal  amounts  of  ^-menthyl  cZ-lactate  and 
?-menthyl  ^-lactate  was  hydrolysed  by  an  excess  of  alcoholic  potassium 
hydroxide,  it  was  concluded  from  experiments,  which  need  not  be 
quoted,  that  the  racemising  effect  of  alkali  during  the  hydrolysis  was 
not  nearly  so  marked  as  when  a  mixture  of  menthyl  mandelates  is 
hydrolysed.  Thus  when  lactic  acid  syrup  (aiJ'° -f  3-25°,  1  =  2)  was  com- 
pletely esterified  by  ^menthol  and  the  resulting  mixture  of  unequal 
amounts  of  the  lactates  hydrolysed  by  an  excess  of  alkali,   a  dextro- 
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rotatory  zinc  salt  was  formed  from  the  product  and  not  an  inactive 
one,  as  would  have  been  the  case  had  the  racemisation  during  hydrolysis 
been  pronounced. 

The  direct  action  of  alkali  on  a  mixture  of  unequal  amounts  of  d- 
and  Z-lactic  acids  was  next  tested  by  adding  a  solution  of  250  grams  of 
potassium  hydroxide  in  300  c  c.  of  water  to  207  grams  of  lactic  acid 
syrup  (aj,'*°  +  3-25°,  Z  =  2).  After  three  hours  at  the  ordinary  tempera- 
ture, the  solution  gave  d^°  +  0*93°  {I  =  2),  and  was  then  heated  in  an  oil- 
bath  at  155°,  the  requisite  precautions  being  taken  to  prevent  altera- 
tion in  the  concentration  of  the  solution  ;  portions  for  polari metric 
observations  were  withdrawn  from  time  to  time.  After  3,  19,  37,  61, 
and  97  hours'  heating  respectively,  the  observed  values  were  a^" -J- 0 '87°, 
-l-0-86°,  -f0-62°,  +0-56°,  and  -|- 0-35°  respectively  (^  =  2).  The  velocity 
of  racemisation  of  the  active  syrup  was  accordingly  slow  under  those 
conditions. 

Racemisation  of  the  active  lactic  acids  by  alkali  has  also  been 
observed  by  Jungfleisch,  who,  in  decomposing  quinine  c^-Iactate  and 
quinine  ^-lactate  by  baryta,  found  different  numerical  values  for  the 
resulting  barium  salts  {ComjH.  rend.,  1904,  139,  56).  His  conclusion 
originally  made  that  d-  and  Z-lactic  acids  are  racemised  at  different 
rates  by  a  symmetric  agent,  like  baryta  {Compt.  rend.,  1904,  139,  203), 
has  been  shown  quite  recently  by  Godchot  and  himself  to  be  erroneous 
{Compt.  rend.,  1905,  140,  719). 

Pyruvic  acid  was  heated  with  three  times  its  weight  of  Z-menthol 
for  eight  hours  at  the  temperature  of  a  boiling  water-bath,  a  little  dry 
hydrogen  chloride  having  been  passed  at  intervals  into  the  mixture. 
The  ethereal  solution  of  the  product  was  washed  with  water,  then  with 
dilute  aqueous  sodium  carbonate,  and  finally  with  water.  After 
removal  of  the  ether,  the  bulk  of  the  menthol  was  separated  by  steam 
distillation,  whilst  the  residual  oil,  after  having  been  dried  in  ethereal 
solution  by  sodium  sulphate,  was  easily  freed  fi"om  menthol  by  distilla- 
tion under  diminished  pressure. 

\-Menthyl  /(yrMuaie,  CHg'CO'COg'CjQHjg,  is  a  colourless  oil  which 
boils  at  131 — 132°  under  10  mm.  pressure,  whilst  Cohen  and  Whiteley 
{loc.  cit.)  give  136 — 140°  under  22  mm.  pressure. 

0-1952  gave  04929  CO,  and  0-1722  Hp.     C  =  68-9  ;  H  =  9-9. 
CjgHggOg  requires  0  =  690;  H  =  9*8  per  cent. 

A  determination  of  its  specific  rotation  gave  the  result : 

l  =  \,d  10-774°  0-9896,  ar°- 93-08°,  [a]}""' -94-1°. 
l=\,  d  19-6°/4°  0-9852,  a^'- 91-42°,  [a]l««°- 92-8°. 

Cohen  and  Whiteley  {loc.  cit.)  prepared  menthyl  pyruvate  by  heating 
pyruvic  acid  and  menthol  "  under  diminished  pressure  on  the  water- 
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bath  with  a  reflux  condenser,"  and  quote  the  value  [aji]''^' -  181'7°, 
which  is  widely  different  from  the  values  just  quoted.  The  ester  was 
accordingly  again  prepared  by  a  slight  modification  of  the  method  just 
described,  the  excess  of  menthol  having  been  removed  by  distillation 
under  diminished  pressure,  whilst  the  preliminary  distillation  with 
steam  was  omitted.  The  rotation  of  the  product  was  similar  to  that 
of  the  former  preparation, 

A  solution  of  10  grams  of  ?-menthyl  pyruvate  in  50  c.c,  of  ether  was 
added  to  an  excess  of  aluminium  amalgam  and,  after  an  interval  of 
five  hours,  2  c.c.  of  water  were  added.  After  six  days,  the  ethereal  solu- 
tion was  drained  o£E  and  the  residue  washed  with  ether  and  the  product 
from  the  ethereal  solution  heated  for  three  and  a  half  hours  with  200  c.c. 
of  alcoholic  potassium  hydroxide,  containing  .386  grams  of  alkali. 
The  alcohol  was  then  evaporated  off  from  the  alkaline  solution, 
water  added,  and  the  menthol  drained  off.  When  the  filtrate  had  been 
completely  freed  from  menthol  by  evaporation  on  the  water-bath,  it 
was  acidified  by  dilute  sulphuric  acid  and  extracted  with  ether  in  a 
continuous  extraction  apparatus.  The  resulting  lactic  acid  was  then 
converted  into  zinc  salt  by  heating  its  aqueous  solution  with  zinc 
carbonate  and  then  removing  the  excess  of  the  latter  by  filtration. 
From  the  aqueous  solution  of  zinc  salt  obtained  in  this  manner,  a 
crop  of  1"8  grams  of  hydrated  salt  were  withdrawn,  the  solution  of 
which  in  dilute  hydrochloric  acid,  when  made  up  to  a  bulk  sufficient  to 
fill  a  2-dcm.  tube,  proved  to  be  quite  inactive.  The  filtrate  from 
which  the  crop  of  zinc  r-salt  was  withdrawn  measured  28  c.c.  and  was 
distinctly  dextrorotatory,  giving  1=4,  ao'  +  O-SP.  After  acidification 
with  hydrochloric  acid  and  evaporation  to  28  c.c,  the  solution  was  now 
feebly  but  distinctly  Isevorotatory,  giving  a^°  -  0"08°  (^  =  4). 

In  a  second  experiment,  Z-menthyl  pyruvate  (18  grams)  was 
dissolved  in  50  c.c.  of  moist  ether  and  reduced  by  alviminium  amalgam 
as  before.  The  oil  obtained  after  removal  of  the  ether  was  dissolved 
in  70  c.c.  of  alcoholic  potassium  hydroxide  containing  6*7  grams  of 
alkali,  and  the  solution,  after  remaining  for  half  an  hour  at  the  ordinary 
temperature,  boiled  for  three  and  a  half  hours,  at  the  end  of  which  time 
it  was  still  strongly  alkaline.  The  ethyl  alcohol  and  menthol  were 
removed  as  before  and  the  solution,  after  having  been  decolorised  by 
animal  charcoal,  measured  43  c.c,  of  which  28  c.c.  in  a  4-dcm.  tube  gave 
a]f-|-0'62°.  It  was  then  acidified  and  extracted  with  ether.  The  acid 
obtained  was  dissolved  in  water  and  converted  into  lithium  salt  by 
means  of  lithium  carbonate.  The  solution  (28  c.c.)  gave  1  =  4, 
a}o  +  0'49°,  and  when  acidified  by  hydrochloric  acid  and  then  adjusted 
to  a  volume  of  28  c.c,  it  was  found  that  the  sign  of  the  rotation  was 
changed,  the  value  found  being  aD-0-13°  (^  =  4). 

Several  other  experiments  on  the  reduction   of  ^-menthyl  pyruvate 
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with  aluminium  amalgam  fwere  performed,  where  the  amount  of 
alkali  used  to  hydrolyse  the  ester  mixture  resulting  from  the  re- 
duction was  varied.  The  results  were  similar  to  those  quoted. 
It  was  established  beyond  doubt  that  the  rotations  observed  were 
due  to  an  asymmetric  synthesis  and  not  to  a  resolution  by  fractional 
hydrolysis  of  ^menthyl  dl-laetaite  according  to  Marckwald  and 
McKenzie's  method,  since  a  considerable  excess  of  alkali  was  used 
in  each  case  and  the  hydrolysis  was  invariably  complete  and  not 
partial. 

It  is  perhaps  needless  to  state  that  the  original  pyruvic  acid,  which 
was  procured  from  Kahlbaum,  was  tested  and  found  to  be  inactive. 

As  a  further  confirmation  of  the  asymmetric  synthesis,  5  grams 
of  the  sample  of  ^-menthyl  pyruvate  used  in  the  second  of  the  ex- 
periments quoted  were  heated  for  three  houx'S  -with  a  solution  of 
2  grams  of  potassium  hydroxide  in  25  c.c.  of  ethyl  alcohol.  As 
was  expected,  the  potassium  salt  formed  was  inactive,  whilst  the 
menthol  which  was  sapar.ited  had  not  undergone  any  racemisation, 
its  specific  rotation  having  been  determined  with  the  result:  1  =  2, 
.0  =  5-356,  af -5-36°,  [a]i?'-50-0°  in  ethyl-alcoholic  solution;  Arth 
(Ann.  Chim.  Phys.,  1886,  [vi],  7,  438);gives[a]'f  -  49-4°,  c  =  5inethyl- 
.alcoholic  solution.  The  low  value  obtained  for  the  specific  rotation 
,of  menthyl  pyruvate  as  contrasted  with  the  value  of  Cohen  and 
Whiteley  could  not,  therefore,  be  ascribed  to  any  racemisation  oc- 
.curring  during  the  preparation  of  the  ester. 

The  asymmetric  synthesis  was  not  nearly  so  pronounced  when 
menthyl  pyruvate  was  reduced  by  sodium  amalgam  :  9*4  grams  of 
ester  were  dissolved  in  70  c.c.  of  ethyl  alcohol  and  an  excess  of  glacial 
acetic  acid  and  sodium  amalgam  added  within  an  interval  of  five  hours. 
The  alcoholic  solution  of  the  product  was  drained,  and  water  and  an 
excess  of  barium  carbonate  added,  the  filtrate  was  heated  with  an 
excess  of  potassium  hydroxide,  the  alcohol  and  menthol  were  then 
removed,  and  the  solution  of  potassium  lactate,  containing  an  excess  of 
alkali,  concentrated  to  28  c.c,  which,  when  examined  in  a  4-dcm.  tube, 
gave  an  +0'13°.  Under  the  conditions  employed  in  this  experiment, 
the  reduction  may  have  been  incomplete. 

Two  other  experiments  made  by  reducing  the  pyruvate  with  zinc 
dust  and  glacial  acetic  acid  also  gave  a  positive  result.  The  failure  of 
Cohen  and  Whiteley  to  obtain  the  asymmetric  synthesis  of  lactic  acid 
was  doubtless  due  to  their  method  of  manipulation  being  such  as  would 
not  render  the  asymmetric  synthesis  evident  if  unequal  amounts  of 
^-menthyl  cMactate  and  Z-menthyl  Mactate  containing  a  slight  excess 
of  the  one  form  were  produced  during  the  reduction.  The  aqueous 
solution  of  potassium  lactate  obtained  by  them  after  the  reduction  of 
the  pyruvate  and  hydrolysis  of  the  product,  as  well  as  the  acid  obtained 
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from  it,  were  apparently  not  examined  polarimetrically.  The  acid  was 
converted  directly  into  zinc  salt  and  the  latter  was  crystallised  ;  the 
crystallised  crop  was  examined  and  found  to  be  inactive,  but  it  is  not 
stated  whether  the  filtrate  was  examined. 

Throughout  the  work  recorded  in  this  paper,  the  necessary  pre- 
cautions  have  been  taken  to  prevent  the  growth  of  micro-organisms 
in  the  solutions  under  investigation,  so  that  the  rotations  recorded  are 
not  due  to  any  resolution  of  inactive  material  by  the  biological 
method. 

A  distinct  asymmetric  synthesis  of  Z-lactic  acid  was  also  ac- 
complished by  the  reduction  of  Z-bornyl  pyruvate ;  this  will  be 
communicated  at  a  later  date.  The  reduction  of  menthyl  aceto- 
acetate  is  also  under  investigation  in  the  hope  that  the  asymmetric 
synthesis  of  /3-hydroxybutyric  acid  may  be  effected. 

The  author  desires  to  express  his  thanks  to  the  Eesearch  Fund 
Committee  of  the  Society  for  a  grant  towards  the  expense  of  this 
work. 

The  University, 

BlllMINGIIAM. 


CXXXIX. — The  Action  of  Phenylpropiolyl  Chloride  on 
Ketonic    Compounds. 

By  Siegfried  Ruhemann  and  Richard  William  Merriman. 

The  experiments  recorded  in  this  paper  have  been  undertaken  with  the 
view  of  preparing  acetylenic  ketones  and  comparing  their  behaviour 
with  that  of  the  olefinie  ketones  and  the  esters  of  olefinic  and  acetyl- 
enic acids.  Acetylenic  ketones  have  already  been  obtained  by  Nef 
{Annalen,  1899,  308,  264),  and  especially  by  Moureu  {Bull.  Soc.  chim., 
1901,  [iii],  25,  312),  by  the  action  of  acid  chlorides  on  the  sodium 
derivatives  of  acetylenic  hydrocarbons,  but  owing  to  the  difficulty 
which  has  been  experienced  in  preparing  those  ketones  in  a  pure  state 
and  in  sufficient  quantity,  Watson  (Trans.,  1904,  85,  1319)  has 
attempted  to  produce  them  by  the  action  of  aluminium  chloride  on  a 
mixture  of  phenylpropiolyl  chloride  and  an  aromatic  hydrocarbon. 
He  found,  however,  as  did  previously  Stockhausen  and  Gattermann 
{Ber.,  1892,  25,  3535),  that  the  acid  chloride  does  not  interact  with 
hydrocarbons,  but  readily  does  so  with  phenol  ethers,  and  he  studied 
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the  behaviour  of  organic   bases  ou   methoxybenzoylacetone,  which  is 
formed  from  anisole  and  phenylpropiolyl  chloride. 

We  have  now  directed  our  attention  to  the  preparation  of  acetylenic 
diketones,  and  for  this  purpose  have  studied  the  action  of  phenyl- 
propiolyl chloride  on  the  sodium  derivatives  of  ketonic  compounds. 
Claisen,  E.  Fischer,  and  others,  on  using  the  acid  chlorides  of  the 
saturated  and  olefinic  acids,  have  shown  that  this  method  yields  the 
corresponding  diketones.     The  members  of  this  class  of  compounds, 

which    contain    the   grouping   -CO'UH'CO-,    are    soluble    in    sodium 
carbonate  or  dilute  caustic  potash. 

The  properties  of  the  substances  which  are  formed  from  phenyl- 
propiolyl chloride  are,  however,  quite  different.  Up  to  the  present  we 
have  examined  the  action  of  this  chloride  on  the  mono-sodium 
derivatives  of  acetylacetone  and  ethyl  acetoacetate.  Thus,  acetyl- 
acetone  yields  a  compound  C^^H^^Og,  which  is  insoluble  in  sodium 
carbonate  and  in  dilute  caustic  potash.  This  fact  leads  to  the  con- 
clusion   that    the    substance  cannot  be   phenylpropiolylacetylacetone, 

C.H,0.C.CO.CH(C0.CH,),    o.    ^^^^^''■^E^^^. 


HO-C-CH 


but  points  to  the  view  that  the  hydrogen  of  the  enolic  group  unites 
with  one  of  the  acetylenic  carbon  atoms  to  yield  a  cyclic  compound 
which,  a  jyriori,  may  be  represented  by  one  of  the  following  formulaj  : 

aH.-CHIC— CO 

6     C.CO.CH3    ,     or        C,H,-C=CH-CO 

\^  0-C(CH3):C-CO-CH3 

C-CHg 

I.  II. 

The  substance  would  thus  appear  to  be  either  acetylbenzylidene- 
methyldihydroketofurfuran  (I)  or  acetylphenylmethyl-y-pyrone  (II). 
The  reaction  leading  to  the  formation  of  this  compound,  therefore,  is 
similar  to  the  action  of  bases  like  benzamidine,  hydroxylamine,  or 
urea  on  ethyl  phenylpropiolate,  which  also  yields  cyclic  compounds 
(see  Ruhemann  and  Cunnington,  Trans.,  1899,  75,  954,  and 
Ruhemann  and  Stapleton,  Trans.,  1900,  77,  239  and  804). 

It  has  been  shown  that  benzamidine  I'eacts  with  the  ester  to  form 

a     0 

not  thebenzamidide,  OgII.-C:C-CO-NH-C(:NII)-CgH5,  but  the  two  iso- 

CO'NIT 
merides,  benzylidenephenylglyoxalidone,  CgH5'CHIC<^         I  ,  and 

N  -  C  •  CgHj 

.CH CO 

diphenylpyrimidone,      CgH-*C<^  ^NH,      according      as      the 

\N=C(CgH,) 
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hydrogen  (*)  of  the  camidide  shifts  to  the  a-  or  to  the  /8-carbon  atom  of 
the  acetylenic  grouping. 

One  compound  only  has  been  observed  to  be  formed  from  phenyl- 
propiolyl    chloride    and     sodioacetylacetone.        It    is    isomeric     with 

C,H,-C=CH-CO-0  ,  .  ,     . 

acetylphenylmethyl-a-pyrone,  c(C0-CH  ):C-CH  '  '^  ^'"''" 

duced  by  the  action  of  sodium  ethoxide  on  a  mixture  of 
acetylacetone  and  ethyl  phenylpropiolate  and  which  one  of  us 
(Ruhemann,  Trans.,  1899,  75,  245,  411)  has  obtained  in  studying  the 
behaviour  of  ethyl  phenylpropiolate  towards  )8-ketonic  esters  and 
y8-diketones.  The  yellow  colour  of  the  substance  which  is  formed  from 
phenylpropiolyl  chloride  and  aqetylacetone  indicates  that  its  con- 
stitution is  to  be  represented  by  symbol  I.  This  formula  is  supported 
by  the  fact  that  the  compound,  on  boiling  with  hydrochloric  acid, 
decomposes  with  formation  of  benzaldehyde.  The  hydrofurfuran 
derivative  is  very  sensitive  to  alkalis  and  their  carbonates  ;  although 
insoluble  in  these  reagents,  it  is  gradually  decomposed  when  left  in 
contact  with  them  at  the  ordinary  temperature,  and  the  change  takes 
place  more  readily  on  warming. 

The  behaviour  of  the  yellow  substance  towards  secondary  bases  is 
most  remarkable.  Piperidine,  for  instance,  acts  on  it  with  develop- 
ment of  heat  and  formation  of  a  deep  blue  solution  from  which 
hydrochloric  acid  precipitates  a  red  compound.  This  has  the  same 
molecular  composition,  C^^HjoOg,  as  the  dihydrofurfuran  derivative, 
but  has  quite  a  different  physical  and  chemical  behaviour  ;  it  readily 
dissolves  in  sodium  carbonate  as  well  as  in  caustic  potash,  yielding 
blue  solutions,  just  as  in  the  case  of  piperidine ;  it  therefore  has  acidic 
properties.  The  formation  of  this  compound  from  its  yellow  isomeride 
can  only  be  explained  by  the  assumptions  that  the  furfuran  ring  first 
opens  up  to  yield  an  additive  product,  thus  : 


c„h.-ch:c— CO  OH 

o    c-co-CH,       ^      c,h,-ch:c co 


C-CO-CH, 


which  then  loses  piperidine  again  to  form  : 

C(OH)— CO 
CPh-C(CH3)>^  ^^  ^^- 

This  formula  must  be  attributed  to  the  red  substance,  which 
accordingly  should  be  regarded  as  a  derivative  of  c^c^opentadiene. 
The  above  expression  accounts  for  the  acidic  character  of  the  compound 
and  allows  also  of  a  ready  explanation  of  the  changes  which  this  com- 
pound suffers  when  its  solution  in  sodium  carbonate  is  kept  for  several 
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hours  at  the  temperature  of  the  room,  or  when  warmed  for  a  short 
time.  The  blue  colour  of  the  solution  turns  light  brown,  and,  on 
adding  hydrochloric  acid,  a  colourless  substance  is  formed.  This  also 
has  the  molecular  composition  C^JIy-,0^,  but  differs  from  its  isoraerides 
inasmuch  as  it  is  a  monobasic  acid,  turning  blue  litmus  red,  being  very 
soluble  in  alkalis  and  their  carbonates,  and  yielding  a  silver  salt.  The 
following  explanation  indicates  the  mode  of  formation  of  this  acid  from 
its  red  isomeride  : 

C,H,-C:C(OH)-CO  C6H5-C:C(OH)-CO,H 

'  C(CH3)=C-CO-CH3    ~^      CH3-C:CH-CO-CH3      ""^ 

c^H.-c:c-co2H 

CHg-CIC-CO-CHg 

The  colovirless  compound  is  accordingly  to  be  regarded  as  acetylphenyl- 
methylcyc^obutadienecarboxylic  acid. 

Of  especial  interest  is  the  behaviour  of  this  substance  towards  con- 
centrated sulphuric  acid,  for  it  readily  dissolves  in  this  acid,  and  the 
solution  rapidly  turns  blue,  owing  to  the  production  of  a  compound 
which  is  soluble  in  sulphuric  acid  yielding  a  blue  solution,  and  which 
is  precipitated  as  an  orange  solid  on  adding  water  to  this  solution.  The 
analysis  proves  that  this  compound  has  the  composition  C^^H^qO.^,  and 
indicates  that  its  formation  is  due  to  the  abstraction  of  one  mol.  of  water 
from  the  acid  Oj^^K-^.tO^.  The  orange  product  is  not  an  acid,  and  it 
does  not  give  a  coloration  with  ferric  chloride.  These  facts  lead  to  the 
following  formula  : 

CO— C--C-CO-CF„ 

I  UN  ^  . 

C,H,.d-C.CH3 

The  compound  is  therefore  a  derivative  both  of  indone  and  of  cyclo- 
butadiene.  We  will  call  it  indonecyc^oacetomethylethylene.  This 
substance  also  has  the  characteristic  property  of  yielding  with  caustic 
potash  a  purple  solution,  the  colour  of  which  is  not  altered  on  warming, 
and  which,  with  hydrochloric  acid,  furnishes  the  unchanged  orange 
compound.  The  solubility  of  the  latter  in  alkalis  and  the  purple 
colour  of  these  solutions  may  readily  be  explained  by  the  assumption 
that  the  alkali  effects  a  disruption  of  the  butadiene  ring  to  yield 

C6H,<^^>C-0H 

CHg-CICH-CO-CHg 

This  structure  contains  the  same  grouping,  -CIC(OH)'CO-,  as  does  the 
red  substance  Cj^^R-^^Oy  the  alkaline  solutions  of  which  are  blue. 

The  behaviour  of  the  acid  chloride  towards  ethyl  acetoacetate  is 
similar  to  the  action  of  phenylpropiolyl  chloride  on  acetylacetone ;  the 
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product  is  a  compound  having  the  formula  Cj.Hj^O^ ;  its  constitution 
should  be  thus  represented  : 


This  formula  indicates  that  it  is  ethyl  benzylidenemethylketodihydro- 
furfurancarboxylate.  The  substance  reacts  with  piperidine  in  the 
same  manner  as  the  corresponding  furfuran  compound,  C^iH^^Og, 
furnishing  a  blue  solution  which,  with  hydrochloric  acid,  yields  a  re 
solid.  The  latter  product  we  have  not  yet  examined,  but  there  cannot 
be  any  doubt  that  it  has  the  same  molecular  composition  as  the 
one  from  which  it  is  formed. 

The  remarkable  behaviour  of  the  cycZopentadiene  derivative, 
Cj^HjgOg,  in  yielding  blue  solutions  with  alkalis  is  not  without  analogy. 
Ruhemann  and  Hemmy  (Trans.,  1897,  71,  34),  in  studying  the  action 
of  sodium  ethoxide  on  a  mixture  of  ethyl  chlorofumarate  and  ethyl 
oxaloacetate,  obtained  two  isomei"ic  compounds,  and  on  accovint  of  the 
facts  that  ethyl  chlorofumarate  was  not  attacked  and  that  no  sodium 
chloride  separated,  the  view  was  expressed  that  ethyl  oxaloacetate 
alone  took  part  in  their  formation.  It  was  assumed  that  these  pro-- 
ducts  were  produced  by  the  union  of  two  mols.  of  the  ester  accom- 
panied by  the  loss  of  one  mol.  of  water  and  one  mol.  of  alcohol. 

The  properties  of  the  substance  melting  at  123^^  were  found  to  agree 
C02Et-C:C-C02Et 
with  the  formula  0<i    ]>C0      ,  for  triethyl  y  pyronetricarboxyl- 

OOgEt-CICH 
ate. 

Its  isomeride,  which  was  called  triethyl  anhydroxaloaconitate,  is  in 
its  chemical  behaviour  so  much  like  the  c_yc?opentadiene  derivative, 
^14-^12^3'  ''^'^  ^*^  point  to  a  similar  constitution.  The  similarity  is 
indeed  apparent  on  comparing  the  structure 

C0.^Et-C=:==C;-C02Et 

I  >"CO,Et, 

CO-C(OH)^ 

assigned  {loc.  cit.)  to  triethyl  anhydi'oxaloaconitate,  with  the  foriuula 

C6H5-C:C(OH)-CO 

C(CH3)^C-CO-CH3' 

for  the  red  c^/c^opentadiene  derivative. 

On  the  one  hand,  the  small  yield  of  triethyl  anhydroxaloaconitate 
which  Ruhemann  and  Hemmy  [loc.  cit.)  obtained,  and,  on  the  other, 
the  wish  to  prepare  this  compound  directly  from  ethyl  oxaloacetate, 
induced  us  to  study  the  behaviour  of  bases  towards  this  ester.  Claisen 
and   Hori   [Ber.,    1891,   24,  120)   observed   a  blue  coloration  in  con- 
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densing  the  ester  with  potassium  acetate  ;  a  similar  observation  was 
made  by  Wislicenus  and  Beckh  (Annalen,  1897,  295,  353)  on  adding 
an  alcoholic  solution  of  sodium  ethoxide  to  ethyl  oxaloacetate.  They 
found  that  such  a  coloration  frequently  occurred  in  working  with  this 
ester.  They  attributed  this  phenomenon  to  the  formation  of  a  condens- 
ation product  of  ethyl  oxaloacetate,  a  small  quantity  of  which  they 
were  able  to  isolate  in  the  form  of  colourless  crystals  which  melted  at 
about  150°  and  dissolved  in  sodium  carbonate  yielding  a  blue  solution. 
There  cannot  be  any  doubt  that  this  substance  is  identical  with 
triethyl  anhydroxaloaconitate,  which  melts  and  decomposes  at  200^. 

We  find  that  a  blue  coloration  gradually  develops  on  adding  second- 
ary bases,  like  piperidine  or  diethylamine,  to  ethyl  oxaloacetate 
directly  or  to  its  ethereal  solution.  This  reaction  takes  place  readily 
on  warming,  as  it  does  on  digesting  the  ester  with  pyridine  or  even 
with  aqueous  sodium  carbonate.  As  yet,  we  have  been  able  to  obtain 
traces  only  of  the  condensation  product.  We  are,  however,  continuing 
this  work  in  the  hope  of  arriving  at  a  more  satisfactory  result. 

Oxalyldibenzylketone  is  a  compound  with  similar  properties  which 
Claisen  and  Ewan  {Annaleii,  1895,  284,  245)  obtained  by  the  action  of 
sodium  on  a  mixture  of  dibenzylketone  and  ethyl  oxalate.  This  sub- 
stance is  strongly  acidic,  and  with  alkalis  forms  two  series  of  metallic 
derivatives.  The  members  of  the  one  class  with  one  atom  of  metal 
are  yellow,  whilst  those  of  the  other  series,  which  are  supposed  to  con- 
tain two  atoms  of  the  metal,  are  violet. 

The  study  of  this  substance  led  those  chemists  to  the  following  view 
as  to  its  constitution  : 

C,H,-C:C(OH)-CO 

CO CH-CgH^' 

which  is  analogous  to  the  formula  at  which  we  arrived  for  the  red 
cyc^opentadiene  derivative  from  the  mode  of  its  formation  and  its 
chemical  behaviour.  The  constitution  of  C^^Hj.^Og  would  lead  to  the 
conclusion  that  the  yellow  mono-sodium  derivative  of  oxalyldibenzyl- 
ketone is 

^«^^^^<c(ONa):c-c,H; 

and  the  violet  disodium  compound, 

O  H  .c^C(ONa)-CO 
•^    '     ^C(ONa):C-CgH; 
instead  of 

C5H5-C<^Q CH-C,H,    '^^^    ^«^5^<C0 CNa-C^H; 

respectively,  as  suggested  by  Claisen  and  Ewan. 
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On  account  of  the  difficulty  of  preparing  the  sodium  derivative  of 
acetylacetone,  we  have  attempted  to  effect  the  formation  of  acetyl- 
benzylidenemethyldihydroketofurfuran  by  the  action  of  pyridine  on 
a  mixture  of  acetylacetone  and  phenylpropiolyl  chloride.  We  find, 
however-,  that  this  reaction  does  not  yield  the  compound  C^^K^.fi^,  but 
a  substance  with  the  formula  CjgHjuOg.  This  is  identical  with  the 
product  which  Lanser  {Ber.,  1899,  32,  2478)  obtained  by  digesting 
phenylpropiolic  acid  with  phosphorus  oxychloride,  and  which  Manthey 
(Ber.,  1900,  33,  3081)  recognised  as  the  anhydride  of  1  :  2-diphenyl- 
cj/cZobutadiene-3  : 4-dicarboxylic  acid, 

c,H,.c:c-co 

After  having  examined  the  behaviour  of  phenylpropiolyl  chloride 
towards  /3-ketonic  compounds,  we  have  directed  our  attention  to  the 
study  of  the  reaction  between  the  acid  chloride  and  ethyl  sodio- 
malonate  in  order  to  ascertain  whether  in  this  case  also  the  influence 
of  the  acetylenic  grouping  plays  a  part  in  the  course  of  the  reaction, 
and  whether  a  substance  is  formed  similar  to  those  which  are  produced 
from  the  ketonic  compounds.  We  have  found  that  the  reaction  pro- 
ceeds in  a  different  direction  and  yields  two  compounds.  One  of  them, 
being  colourless,  is  the  anhydride  of  diphenylcyc^obutadienedicarb- 
oxylic  acid.  The  other  substance,  which  is  yellow,  has  the  formula 
CggHjoOg,  and  as  regards  its  constitution  there  remains  the  choice 
between  the  formulae 

Experimental. 

The  phenylpropiolyl  chloride  required  for  this  research  has  been  ob- 
tained according  to  Hans  Meyer's  general  method  for  the  formation 
of  acid  chlorides.  Watson  (Trans.,  1904,  85,  1319),  who  prepared 
this  chloride  in  the  same  way,  found  that  the  yield  was  55  per  cent, 
of  the  theoretical  quantity,  and  that  as  a  by-product  a  less  volatile  acid 
chloride  was  formed.  We  have  ascertained  that  this  result  was  due 
to  the  fact  that  the  phenylpropiolic  acid  which  he  used  contained 
a-bromocinnamic  acid,  and  that  90 — 95  per  cent,  of  the  theoretical 
amount  is  obtained  if  pure  phenylpropiolic  acid  is  heated  with  about 
seven  times  the  weight  of  thionyl  chloride  in  a  flask  with  reflux  con- 
denser until  no  more  fumes  appear  at  the  top  of  the  condensing  tube. 
The  excess  of  thionyl  chloride  is  then  distilled  off  from  the  water- 
bath,  and  the  remaining  oil  fractionated  in  a  vacuum,  when  only  a 
email  quantity  of  a  tarry  product  is  left  in  the  flask. 

VOL.   LXXXVII.  4   z 
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Action  of  FhenyljJropiolyl  Chloride  on  Sodioacety l- 
acetone. 


Z- Acetyl-^ -henzylidene-1-inethyUi-ketodihydrofurfi 


uran. 


CeH^-CHIC-O-C-CHg 

OC — C-CO-CHg   ■ 

For  the  preparation  of  sodioacetylacetone,  sodium  wire  (2*3  grams) 
is  added  to  the  solution  of  the  dike  tone  (10  grams)  dissolved  in  absolute 
ether  (100  grams).  The  evolution  of  hydrogen  is  rapid  at  first,  but 
soon  slackens  owing  to  the  sodium  derivative  covering  the  metal,  which 
renders  it  necessary  to  detach  the  white  solid  frequently  by  means  of 
a  glass  rod.  After  all  the  metal  has  disappeared,  phenylpropiolyl 
chloride  (16*4  grams)  is  gradually  added,  when,  along  Avith  the  formation 
of  a  yellowish-brown  solid,  heat  is  developed,  which  is  moderated  by 
cooling  the  vessel.  The  mixture  is  left  overnight  and  the  solid  is 
collected,  washed  with  a  little  ether,  then  with  water,  and  crystallised 
fi'om  alcohol.  Thus  yellow  needles  are  obtained  which  soften  at  140° 
and  melt  at  152 — 153°  to  a  red  liquid. 

0-2004  gave  0-5420  COo  and  0-0965  H^O.     C  =  73-76  ;  H  =  5-35. 
Oj^H^g^g  requires  C  =  73-68  ;  H  =  5-26  per  cent. 

The  dihydrofurfuran  derivative  is  fairly  soluble  in  boiling  alcohol, 
raidily  so  in  benzene,  but  sparingly  in  ether  or  light  petroleum.  Ferric 
chloride  colours  its  alcoholic  solution  almost  black.  The  compound  is 
insoluble  in  sodium  carbonate  or  caustic  potash,  but  even  at  the  ordinary 
temperatui'e  it  is  gradually  decomposed  by  these  reagents  ;  the  crystals 
disappear,  and  the  solutions  first  turn  green  and  finally  brown.  This 
decomposition  takes  place  rapidly  on  heating,  and  is  then  accompanied 
by  the  formation  of  a  volatile  substance  with  peculiar  aromatic  odour. 
The  furfuran  derivative,  although  very  sensitive  towards  alkalis,  is 
attacked  by  hydrochloric  acid  only  with  difliculty.  On  boiling  with  the 
concentrated  acid,  it  gradually  decomposes  and  yields  benzaldehyde,  the 
formation  of  which  supports  the  constitution  which  we  have  advanced 
for  this  compound. 


2-Acetyl-5-hydroxy-4:-2}henyl-3-rnethyl-l-ketocyc\opentadiene, 
HO-C-CO-C-CO-CHs 
C,H,-C- C-CH3 

This  substance  is  readily  formed  on  adding  piperidine  (1  gram)  to 
the  furfuran  compound  (5  grams)  suspended  in  alcohol ;  heat  is  de- 
veloped and  a  deep  blue  solution  is  produced  which,  with  hydrochloric 
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acid,  yields  a  crystalline,  red  solid.     This  crystallises  from   alcohol  in 
glittering,  red  plates  which  melt  and  decompose  at  170". 

0-2031  gave  0-5484:  CO^  and  0-0966  H^O.     C  =  73-64;  H  =  5-28. 
C'l^HjoOg  requires  C  =  7368  ;  H  =  5-26  per  cent. 

The  molecular  weight  has  been  determined  by  the  boiling-point 
method  with  the  following  results  : 

0-4558  in  19-8730  alcohol  gave  A<  +  0-12'=.    M.  W.  =  220. 
Cj^HjoOg  requires  M.  W.-228. 

The  red  compound  is  sparingly  soluble  in  ether,  benzene,  or  chloro- 
form ;  it  dissolves  with  difficulty  in  cold  alcohol,  but  readily  in  the 
boiling  solvent.  Although  not  acting  on  litmus,  it  has  strongly  acidic 
properties,  and  gives  deep  blue  solutions  with  sodium  carbonate,  caustic 
alkalis,  or  potassium  acetate ;  it  dissolves  in  concentrated  sulphuric 
acid  with  great  ease,  yielding  a  brown  solution  which  gradually  turns 
green  ;  a  similar  coloration  is  produced  on  adding  ferric  chloride  to 
its  alcoholic  solution,  which,  however,  gi'adually  turns  brown.  Fehling's 
solution  is  reduced  to  cuprous  oxide  when  warmed  with  the  solution  of 
the  substance  in  sodium  carbonate. 


d'Acetyl-\~phenylA-meth)jl-\  :  S-cyelobutadiene-2-carhoxi/Uc  acid, 


CHg-ClC-CO-CHg  • 

The  blue  colour  with  which  the  red  cyc^opentadiene  derivative  dis- 
solves in  alkali  hydi'oxides,  carbonates,  or  acetates  is  not  permanent, 
but  changes  to  green,  and"  finally  to  a  light  brown.  This  transforma- 
tion takes  place  slowly  at  the  ordinary  temperatui'e,  readily,  however, 
on  heating  the  solutions  ;  at  the  same  time,  the  peculiar  aromatic 
odour  is  recognised  which  is  noticed  also  if  the  dihydrof urfuran  deriv- 
ative, C^^Hj^,-,03,  is  digested  with  an  alkali.  The  brown  solution  which 
is  formed  on  boiling  the  red  substance  with  sodium  carbonate  contains 
acetylphenylmethylcyc/obutadienecarboxylic  acid.  This  is  precipitated 
as  a  yellow  solid  on  adding  an  excess  of  dilute  hydrochloric  acid  to 
the  alkaline  solution.  A  small  quantity  remains  in  the  filtrate  from 
this  precipitate  and  may  be  extracted  by  ether.  The  yield  of  this  acid 
is  about  50  per  cent,  of  the  theoretical  quantity.  The  substance  is 
purified  by  treating  its  solution  in  boiling  water  with  animal  charcoal ; 
the  filtrate,  on  cooling,  deposits  colourless  prisms  which  melt  at  212°. 
The  following  analytical  results  prove  this  acid  to  have  the  same  com- 
position as  both  the  yellow  dihydrofurfuran  derivative  and  the  red 
substance  from  which  it  is  formed  under  the  influence  of  sodium 
carbonate. 

4  Z  2 
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0-2011  gave  0-5415  CO2  and  0-0954  HgO.     C  =  73-47;  H  =  5-27. 

0-2010     „     0-5420  CO2    „    0-0955  H2O.     C  =  73-54 ;  H-5-28. 

C14H12O3  requires  C  =  73-68  ;  H  =  5-26  per  cent. 

As  a  monobasic  acid,  it  is  characterised  by  its  behaviour  towards 
caustic  soda:  0-2085  required  9  3  c.c.  iV/ 10  caustic  soda  for  neutralisa- 
tion, the  calculated  amount  for  a  monobasic  acid  of  the  formula 
Cj^HjoOg  being  9-15  c.c. 

The  acid  is  sparingly  soluble  in  boiling  water,  readily,  however,  in 
alcohol  or  ether,  and  does  not  give  a  coloration  with  ferric  chloride. 
The  salts  of  this  acid  with  the  alkali  and  alkaline-earth  metals  are 
soluble  in  water.  The  silver  salt  is  formed  as  a  white,  crystalline  pre- 
cipitate on  adding  silver  nitrate  to  the  solution  of  the  acid  in  ammonia. 

0-2505,  on  ignition,  left  O'OSOO  silver  ;  Ag  =  31-94. 
0-1438         „  „    0-0460      „     ;  Ag  =  31-99. 

Cj^Hj^OgAg  requires  Ag  =  32-23  per  cent. 

An  attempt  to  prepare  the  acid  directly  from  the  dihydrofurfuran 
derivative  has  been  unsuccessful.  In  recording  the  properties  of  this 
compound,  we  have  stated  that  it  is  decomposed  when  treated  with 
sodium  carbonate  to  yield  a  brown  solution  similar  to  the  one  which  is 
produced  in  the  same  circumstances  from  its  red  isomeride.  On 
treating  this  solution  with  dilute  hydrochloric  acid,  a  resin  is  pre- 
cipitated from  which  we  have  been  unable  to  obtain  the  acid  Cj^Hj203 
by  extraction  with  boiling  water. 

CO — C — C'CO'CH 

Indonecjclomethylacetoethylene,   I,  -„-    U     U  ^.-tt        ^ 
toH^-C     C-GHg 

This  compound  is  produced  with  great  ease  if  the  colourless 
substance  C^^H^gC^s  is  dissolved  in  cold  concentrated  sulphuric  acid. 
The  solution,  which  shortly  turns  blue  and  exhibits  a  green  fluorescence, 
is  poured  into  water  after  about  an  hour,  when  a  red  solid  is 
precipitated  ;  this  is  sparingly  soluble  in  carbon  disulphide,  and 
dissolves  with  difiiculty  in  chloroform,  but  readily  in  alcohol  or  ether, 
and  crystallises  from  dilute  alcohol  in  orange  needles  melting  at 
216—217°. 

0-2014  gave  0-5905  CO2  and  0-0872  H2O;  0  =  79-96;  H=4-81. 
Q^^K^^f>.2  I'equires  0  =  80-00;  H  =  476  per  cent. 

The  solutions  of  this  compound  in  neutral  solvents  neither  react 
with  litmus  nor  do  they  give  a  coloration  with  ferric  chloride.  The 
substance  dissolves  in  concentrated  sulphuric  acid  with  formation 
of  a  blue  solution ;  it  is  sparingly  soluble  in  ammonia,  but  dissolves 
readily  in  caustic  potash,  as  it  does  in  hot  sodium  carbonxte.     These 
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alkaline  solutions  are  purple;  they  do  not  change  their  colour  when 
boiled,  and  with  hydrochloric  acid  furnish  the  unaltered  orange  com- 
pound. The  solution  in  ammonia  darkens  on  warming  with  silver 
nitrate,  and  with  copper  sulphate  yields  a  green  precipitate. 


Action  of  riienylprojyiolyl  C  hi  or  id  e  on  Ethyl  Sodio- 
acetoacetate. 

Ethyl  b-henzylidene-%methyl-\i-ketodihydrofurfuran-Z-Garboxylate, 

c,h,.ch:c CO     , 

(>C(CH3)>^  ^^2^*' 

This  substance,  which  is  isomeric  with  ethyl  phenylmethyl-a-pyrone- 
carboxylate  (see  Ruhomann,  Trans.,  1899,  75,  251),  is  formed  on 
dissolving  sodium  wire  (0'85  gram)  in  ethyl  acetoacetate  (5  grams) 
diluted  with  dry  ether,  and  slowly  adding  phenylpropiolyl  chloride 
(6*4  grams). 

Since  this  method  of  preparing  ethyl  sodioacetoacetate  is  rather 
troublesome,  it  is  preferable  to  use  the  pure  sodium  derivative,  which  is 
readily  obtained  according  to  Harrow's  directions  (Annalen,  1880, 
201,  143),  and  to  add  to  it  the  acid  chloride  suspended  in  absolute 
ether.  After  standing  for  several  hours,  the  yellow  solid  is  filtered 
and  the  filtrate  freed  from  the  ether  by  evaporation.  The  red  oil 
which  is  left  behind  sets  to  a  solid  ;  this  is  collected  on  a  filter, 
washed  with  a  little  ether,  and  crystallised  from  hot  dilute  alcohol, 
when  it  is  obtained  in  the  form  of  light  yellow  prisms  which  soften  at 
130°  and  melt  at  140—141°  to  a  red  liquid, 

0-2120  gave  0-5433  CO2  and  0-1070  H.O;  C  =  69-91 ;  H  =  5-60. 
CjgH^^O^  requires  0  =  69-77  ;  k  =  5-43  per  cent. 

This  substance  is  easily  soluble  in  chloroform,  moderately  in  ether  or 
alcohol,  but  readily  in  hot  alcohol;  its  alcoholic  solution  gives  with 
ferric  chloride  a  deep  brown  coloration.  The  yield  is  very  small,  the 
product  which  is  formed  being  mainly  a  viscous,  red  oil.  Owing  to 
this  fact  we  have  been  unable  to  study  this  compound  so  carefully  as 
the  dihydrofurfuran  derivative  C^^H^g^s)  ^vit  we  have  ascertained  that 
it  also  reacts  with  piperidine  to  yield  a  blue  solution,  which,  with 
excess  of  dilute  hydrochloric  acid,  furnishes  a  red  precipitate.  This 
product  dissolves  in  sodium  carbonate  to  form  a  blue  solution  which 
readily  becomes  colourless. 
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Action  of  Pyridine  on  a  Mixture  of  Acetylacetone  and  Phenylpro]nolyl 
Chloride. 

As  already  mentioned,  this  reaction  (p.  1389)  does  not  yield  the 
dihydrofurfuran  derivative  C^^Hj20o,  which  we  expected,  but  the 
anhydride  of  diphenylcyc^obutadienedicarboxylic  acid, 

c,H,.c:c-co 

The  action  of  the  base  on  the  mixture  of  the  two  reagents  is  very 
violent,  and  the  whole  mixture  chars.  It  is  therefore  necessai-y  to  add 
pyridine  (2  grams)  to  the  solution  of  the  diketone  {2  grams)  and  the 
acid  chloride  (3 '2  grams)  in  dry  ether,  when  a  white  solid  is  produced 
at  once,  which  adheres  to  the  sides  of  the  vessel.  After  a  few  hours, 
the  ether  is  evaporated  and  the  residue  treated  with  watex'.  The 
portion  which  is  insoluble  in  water  is  very  small  ;  it  dissolves  in 
boiling  alcohol  with  great  difficulty  and,  on  cooling,  crystallises  in 
colourless  needles  melting  at  252—253°. 

0-2059  gave  05933  COg  and  0-0710  HgO.     C  =  78-58  ;  H  =  3-83. 
CjgHjQOg  requires  0  =  78-83  ;  H  =  3-65  per  cent. 

Lanser  {Ber.,  1899,  32,  2478),  who  obtained  this  compound  by 
digesting  phenyl propiolic  acid  with  phosphorus  oxychloride,  gives  the 
melting  point  at  256°  instead  of  252 — 253°,  which  we  have  observed 
with  our  specimen  even  after  recrystallisation  from  nitrobenzene ; 
otherwise  the  behaviour  of  both  substances  is  the  same.  To  the 
record  of  the  properties  of  the  anhydride,  we  may  add  that  on  boiling 
it  with  alcohol  it  is  partially  transfoi-med  into  the  acid.  This  trans- 
formation takes  place  readily  (as  already  found  by  Lanser)  if  the 
anhydride  is  warmed  with  dilute  caustic  potash.  On  acidifying  the 
solution  which  is  thus  produced,  a  solid  is  pi-ecipitated.  This  crystal- 
lises from  dilute  alcohol  in  colourless  needles. 

0-2072  gave  0-5632  COg  and  0-0825  HgO.     C  =  74-13  ;  H  =  4-42. 
CjgHjgO^  requires  0  =  73-97;  "h  =  4-11  per  cent. 

The  properties  of  this  acid  agree  with  those  stated  by  Lanser  {loc. 
cit.),  except  in  the  melting  point.  Instead  of  being  257 — 259°,  which 
he  observed,  we  find  that  the  acid  loses  water  at  about  204°  and  melts 
at  252 — 253°,  that  is,  at  the  same  temperature  as  its  anhydride. 

Action  of  Phenylpropiolyl  Chloride,  on  Ethyl  Sodiomalonate. 

Dry  ethyl  sodiomalonate  (5  grams),  which  we  have  prepared 
according  to  Oonrad's  directions  {Annalen,  1880,  204,  129),  when 
suspended  in  absolute  ether  (50  grams)  reacts   with  phenylpropiolyl 
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ch'oride  (4'5  grams),  slowly  at  the  ordinary  temperature,  but  readily 
on  warming.  The  mixture  is  digested  for  four  hours  on  the  water- 
bath  and  the  ethereal  solution  filtered  from  the  white  solid.  The 
latter  is  then  treated  with  water,  and  the  part  which  remains  undis- 
solved, after  being  washed  with  alcohol  and  dried,  dissolved  in  hot 
nitrobenzene.  On  cooling,  colourless  needles  separate  which  melt  at 
252 — 253°.  This  substance  is  the  anhydride  of  diphenylc?/c?obutadiene- 
dicarboxylic  acid. 

0-2040  gave  0-5875  CO2  and  0-0680  HoO.     C  =  78-54  ;  H  =  3-70. 
CjgHjoOa  requires  0  =  78-83  ;  H  =  3-65  per  cent. 

The  ethereal  filtrate  from  the  anhydride,  on  evaporation  of  the 
ether,  yields  a  brown  oil  which  solidifies  after  a  short  time.  The 
solid  is  very  soluble  in  chloroform  ;  it  dissolves  with  difiiculty  in  cold 
alcohol,  readily,  however,  when  hot,  and  on  cooling  crystallises  in 
deep  yellow  needles  which  soften  at  172°  and  melt  at  174 — 175°. 

0-2022  gave  0-5330  00.,  and  0-0879  H.O.     0  =  71-89;  H  =  4-83. 
C25H00O,;  requires  0  =  72-11  ;  H  =  4-80  per  cent. 

The  constitution  of  this  substance  is  probably  to  be  represented  by 
one  of  the  foregoing  formiilse  (p.  1389).  It  is,  therefore,  either  ethyl 
bisphenylpropiolylmalonate  or,  taking  into  consideration  the  ease 
with  which  phenylpropiolic  acid  condenses  to  a  derivative  of  cyclo- 
butadiene,  it  may  be  regarded  as  ethyl  diphenylcycZobutadienyl- 
malonate. 

We  are  engaged  at  present  in  examining  further  the  substances 
recorded  in  this  paper,  and  in  the  study  of  the  behaviour  of  other 
acetylenic  acid  chlorides  towards  /3-ketonic  compounds. 

GONVILLE   AND    CAIUS   COLLEGE, 

Cambridge. 


CXL. —  The  Influences  regulcding  the  Re2)roductive  Func- 
tions of  Saccharomyces  Cerevisice* 
By  Adrian  John  Brown. 

The  following  paper  describes  the  results  of  a  continued  investigation 
of  certain  phenomena  associated  with  the  reproductive  functions  of  the 

•  The  investigations  described  in  tliis  paper  were  conducted  with  varieties  of  the 
sub-species  (?)  of  Saccharomyces  ccrcvisia:  known  as  "  top  yeast,"  tlie  ordinary  culture 
yeast  employed  in  the  fermentation  industries  of  this  country. 
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ypast  cell,  to  which  attention  has  been  previously  called  by  the  author 
("  Influence  of  oxygen  and  concentration  on  alcoholic  fermentation," 
Trans.,  1892;  61,  369  ;  "The  specific  character  of  the  fermentation 
functions  of  yeast  cells,"  ibid.,  1894,  65,  911  ;  "Some  experiments  on 
the  nvimerical  increase  of  yeast  cells,"  Transactions  of  the  Laboratory 
Club,  1890,  3,  64). 

It  appeared  from  the  anthor's  previovis  work  when  studying  the 
effects  of  varying  conditions  of  environment  on  the  reproductive 
functions  of  the  yeast  cell  (loc.  cit.)  that  the  volume  of  nutritive  liquid 
in  which  the  organism  developed,  rather  than  the  food  supply  at  the 
disposal  of  the  organism,  was  the  main  controlling  influence  which 
regulated  its  power  of  multiplication  by  budding.  As,  for  instance,  if 
equal  volumes  of  a  solution  containing  varying  quantities  of  nutritive 
matter  were  seeded  with  a  small  number  of  yeast  cells,  the  total 
number  of  cells  found  in  each  experiment  at  the  termination  of 
reproduction  was  approximately  the  same,  so  long  as  the  amount  of 
the  food  supply  present  lay  within  certain  wide  limits. 

Moreover,  it  appeared  that  the  volume  of  nutrient  solution  also 
controlled  the  total  number  to  which  yeast  cells  increased,  irrespective 
of  the  number  of  cells  introduced  originally  to  start  multiplication. 
For  instance,  when  equal  volumes  of  the  same  nutrient  solution  were 
seeded  with  varying  numbers  of  cells,  the  total  number  found  at 
the  termination  of  reproduction  was  approximately  the  same  in  each 
experiment. 

It  appeared  from  the  author's  investigations  that  cell  reproduction 
continued  in  a  volume  of  nutrient  solution  until  a  definite  number  of 
cells  was  present,  and  then  it  ceased,  as  though  the  number  of  cells 
present  arrested  their  own  reproductive  functions  when  a  given  num- 
ber was  reached — and  that,  in  effect,  this  was  so  was  shown  by 
experiments  which  demonstrated  that  when  more  cells  were  added  to  a 
volume  of  nutrient  solution  than  the  maximum  number  to  which 
a  normal  growth  under  ordinary  conditions  would  develop,  reproduc- 
tion by  budding  was  entirely  prevented.* 

The  author's  earlier  work,  therefore,  pointed  to  the  conclusion  that 
there  was  a  conditioning  cause  attending  the  multiplication  and 
crowding  of  yeast  cells  in  a  nutritive  liquid  which  arrested  their 
reproductive  functions  when  the  environment  of  the  cells  otherwise 
seemed  favourable  for  continued  multiplication.  As  an  inquiry  into 
the  nature  of  this  cause  appeared  likely  to  yield  interesting  results,  the 
following  investigation  of  the  subject  was  undertaken. 

Since  it  had  already  been  found  that  food  supply,  which  usually  is 

*  This  property  of  yeast  cells  was  utilised  by  the  author  when  demonstrating  that 
the  fermentation  functions  of  the  cells  are  not  arrested  by  the  presence  of  oxygen 
{loc.  cit.). 
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in  evidence  as  a  factor  controlling  the  functions  of  reproduction 
of  living  organisms,  was  not  the  underlying  cause  of  the  phenomenon 
under  investigation,  it  seemed  probable  that  the  cause  might  be  found 
in  the  arresting  influence  of  products  of  cell  metabolism  on  the 
functions  of  reproduction,  or,  failing  this,  that  it  might  be  connected 
in  some  manner  with  the  question  of  oxygen  as  a  factor  in  cell  repro- 
duction. It  was  determined,  thei-efore,  in  the  first  place  to  investigate 
experimentally  the  influence  of  the  non-gaseous  and  gaseous  products 
of  yeast  cell  metabolism  on  the  reproductive  functions  of  the  cell,  and 
afterwards  study  the  question  of  the  influence  of  oxygen.  But,  as  the 
question  of  the  control  of  cell  reproduction  is  intimately  associated 
with  the  crowding  of  yeast  cells  in  a  liquid,  it  was  considered  advis- 
able, before  commencing  these  studies,  to  determine  experimentally 
the  velocity  at  which  yeast  cell  reproduction  proceeds  under  varying 
conditions  of  crowding,  for  it  seemed  probable  that  if  measures  of  the 
velocity  or  rate  of  reproduction  were  obtained  under  such  conditions 
they  might  throw  some  light  on  the  nature  of  the  main  controlling 
influence  which  regulates  reproduction. 


Determination    of    the    Rate    of    Cell    Reproduction    under     Varying 
Conditions   of  Crowding. 

Varying  known  numbers  of  cells  were  introduced  into  flasks 
containing  equal  volumes  of  the  same  nutrient  solution,  which  were 
kept  at  a  constant  temperature  in  an  incubator.  When  cell  reproduc- 
tion had  proceeded  in  the  different  experiments  for  a  definite  interval 
of  time  and  was  still  actively  progressing;  the  total  number  of  cells 
present  in  each  experiment  was  counted  by  means  of  a  hjemacytometer 
in  the  usual  manner.  From  the  results  thus  obtained  the  "  rate 
of  reproduction  "  of  the  cells  under  the  varying  conditions  of  crowding 
employed  in  the  different  experiments  was  determined  in  the  manner 
described  later  on. 

The  results  of  two  series  of  experiments  conducted,  the  one  with 
yeast  water  and  dextrose  as  a  nutritive  medium,  and  the  other  with 
malt  wort,  are  given  in  the  following  tables  : 
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Table  I. — Experiments  vnth   Solution  of  Dextrose  in  Yeast  Water  as 
Nutrient  Medium.      Temperature  of  Experiments,  24°. 


Grams  of 
alcohol  in 
100  c.c.  of 
fermented 
solution. 

0-44 

0-62 

0-69 

0-83 

0-83 

1-11 

0-97 

1-35 

1-41 


A, 

B. 

C 

D. 

Result  obtained 

by  multiplying 

the  square  root 

of  A  into  the 

Cells  added 

Kate  of 

rate  of  cell 

at  com- 

Number 

cell  repro 

reproduc-      g 

mencement 

of  cells 

duction. 

tion,  C.        2 
^AxB         f 

of  each 

after 

B 

Expt. 

experiment. 

18  hoars. 

A' 

A 

1 

0-145 

3-04 

20 

9 

7-9 

2 

0-290 

4-80 

16 

6 

8-9 

3 

0-435 

4-88 

11 

2 

7-4 

4 

0-580 

6-08 

10 

5 

8-0 

5 

0-750 

6-31 

8 

6 

7-3 

6 

1-500 

10-30 

6 

9 

8-4 

7 

1-960 

9-63 

4 

9 

6-9 

8 

2-250 

11-82 

5 

2 

7-9 

9 

3-920 

14-97 

3 

8 

7-5 

10 

5-250 

20-52 

3 

9 

8-9 

11 

5-880 

22-22 

3 

8 

9-2 

12 

7-840 

17-74(?) 

2 

36(?)           6-3(?) 

13 

10-500 

26-00 

2 

5 

8-0 

14 

15-750 

27-50 

1 

7 

6-9 

4-51 


Table  II. — Exjjeriments  vnth  Malt   Wort  (sp.  gr.   1-053)  as 
Nutrient  Medium.     Temperature  of  Experiments,  20°. 


Cells  added 

Rate  of 

at  com- 

Number 

cell  repro 

mencement 

of  cells 

duction. 

of  each 

after 

B 

Expt. 

experiment. 

17  hours. 

a" 

1 

0-785 

5-03 

6-4 

2 

1-570 

7-77 

4-9 

3 

2-355 

9-07 

3-8 

4 

3-140 

10-17 

3-2 

Result  obtained  by 
multiplying  the  square 
root  of  A  into  the  rate 
of  cell  reproduction,  C. 

A 
5-7 
6-2 
5-9 
5-7 


In  the  columns  marked  A  in  the  above  table's,  the  varying  numbers 
of  cells  introduced  at  the  commencement  of  the  different  experiments 
are  given.  They  represent  the  numbers  of  cells  in  a  volume  of 
l/4000tli  of  a  cubic  millimetre  of  nutrient  solution,  the  standard 
volume  employed  for  the  enumeration  of  yeast  cells  in  all  the  experi- 
ments described  in  this  paper. 

In  the  columns  B  of  the  same  tables,  the  total  number  of  cells  found 
at  the  termination  of  each  experiment  is  given,  and  it  should  be  noted 
that  this  represents  the  number  present  in  each  experiment  at  the 
termination  of  a  constant  interval  of  time  when  the  cells  were  still 
actively  reproducing. 
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In  columns  C,  the  numbers  expressing  the  observed  rates  of  repro- 
duction will  be  found.  These  numbers  are  obtained  by  dividing  the 
nvimber  of  mother  cells  originally  introduced  at  the  commencement  of 
each  experiment  (column  A)  into  the  total  number  of  cells  found  at 
the  termination  of  the  experiment  (column  B),  and  therefore  repre- 
sent the  number  to  which  each  original  mother  cell  in  the  different 
experiments  has  multiplied  under  the  conditions  of  cell  crowding 
employed. 

An  inspection  of  the  observed  rates  of  reproduction  given  in  the 
two  tables  demonstrates  that  cell  reproduction  proceeds  at  the 
maximum  rate  when  the  number  of  cells  present  is  at  a  minimum,  and 
that  the  rate  falls  with  a  decreasing  velocity  as  the  number  of  cells 
in  the  experiments  is  increased.  No  doubt  a  measure  of  the  compara- 
tive rate  of  reproduction  of  a  yeast  cell  under  different  conditions 
of  crowding  cannot  be  regarded  in  any  way  as  comparable  with  a 
measure  of  the  velocity  of  a  physical  or  chemical  change,  but  it 
appears  reasonable  to  suppose  that  there  must  be  some  close  connec- 
tion between  the  fall  in  rate  of  reproduction  and  the  influence  which 
conditions  the  fall,  and  that  a  measure  of  the  fall  may  therefore  throw 
some  light  on  the  character  of  the  influence  causing  it.  In  the 
present  case,  the  decrease  in  velocity  of  the  fall  in  the  i-ate  of  yeast 
reproduction  as  the  number  of  cells  is  increased  seems  to  indicate 
that  the  arresting  influence  is  not  conditioned  by  the  accumulation  of 
injurious  products  of  ceil  metabolism,  for  presumably  in  such  case  the 
change  in  velocity  of  the  fall  would  be  in  the  reverse  direction  of  that 
found,  but  rather  that  it  is  due  to  the  disappearance  of  some  influence 
which  originally  favours  reproduction  ;  but  this  point  will  be  referred 
to  again  later  on. 

Before  passing  on  to  the  consideration  of  other  work,  it  appears 
desirable,  however,  to  call  attention  to  a  point  of  interest  in  con- 
nection with  the  experiments  on  the  velocity  of  cell  reproduction 
described  above  which  is  worthy  of  note,  although  the  author  is  not 
prepared  at  present  to  discuss  it  in  its  different  bearings. 

If  the  results  of  the  two  series  of  experiments  given  in  Tables  I 
and  II  are  examined,  it  will  be  noticed  that  the  numbers  given  in 
column  A,  which  represent  the  cells  originally  introduced  at  the  com- 
mencement of  the  different  experiments,  appear  to  be  related  in  some 
definite  manner  to  the  numbers  representing  the  rates  of  reproduction 
given  in  column  C.  For  instance,  if  experiments  1  and  4  in  Table  I 
are  compared,  it  will  be  noticed  that  the  numbers  of  cells  with  which 
the  experiments  were  commenced  are  in  the  proportion  of  1  to  4,  and 
the  rates  of  reproduction  for  the  same  experiments  are  in  the  propor- 
tion of  2  to  1.  This  suggests  that  the  rates  of  reproduction  in  the 
different  experiments  are  in  inverse  proportion  to  the  square  root  of 
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the  numbers  of  the  cells  originally  introduced  at  the  commencement 
of  the  experiments.  If  such  a  proportion  exists  throughout  the  two 
series  of  experiments,  it  will  be  rendered  evident  by  multiplying  the 
square  root  of  the  numbers  of  original  cells  given  in  column  A 
into  the  corresponding  rates  of  reproduction  given  in  column  B,  for 
a  constant  should  be  obtained  for  all  the  experiments  in  any  one 
series  if  the  suggested  proportion  holds  good.  The  results  of  multiply- 
ing the  squai'e  root  of  the  numbers  of  cells  in  column  A  into  the  I'ates 
of  reproduction  in  column  B  will  be  found  in  column  D  of  both  tables. 
It  will  be  noticed  that  these  numbers,  although  not  constant  for  each 
series,  nevertheless  exhibit  a  general  similarity,  which  is  very  remark- 
able when  it  is  considered  that  the  experiments  from  which  they 
originate  are  concerned  with  the  complex  functions  of  living  organisms. 
The  relatively  close  agreement  among  so  many  experiments  renders  it 
very  improbable  that  such  a  result  has  been  obtained  by  mere  chance, 
and  suggests  that  a  mathematical  discussion  of  the  question  is 
desirable ;  at  present,  however,  the  author  proposes  merely  to  record 
the  results  of  his  experiments. 


Influence  of  the  Frodiicts  of   Yeast  Cell  Metabolism  on  Reproduction. 

It  is  usually  considered  that  ethyl  alcohol,  the  chief  non-gaseous 
product  of  metabolism  of  the  yeast  cell  when  growing  under  normal 
conditions  in  a  fermentable  liquid,  exerts  a  powerful  retarding  influence 
on  cell  reproduction.  No  satisfactory  proof  of  this  opinion  could, 
however,  be  found  with  regard  to  the  influence  of  such  comparatively 
small  quantities  of  alcohol  as  are  usually  found  in  ordinary  fermenta- 
tions with  yeast  cells,  thei-efore  experiments  were  undertaken  with  a 
view  to  investigate  the  question. 

In  the  first  instance,  experiments  on  the  influence  of  varying 
amounts  of  alcohol  on  the  maxiravim  increase  in  number  of  cells  were 
made. 

Equal  volumes  of  malt  wort  containing  varying  known  quantities 
of  alcohol  were  seeded  with  equal  numbers  of  yeast  cells,  and  cell 
reproduction  allowed  to  proceed  under  favourable  conditions  of 
temperature  until  multiplication  ceased.  Afterwards  the  total  number 
of  cells  pi-esent  was  counted  in  the  usual  manner. 

The  results  of  the  first  series  of  experiments  are  given  below  : 


REPRODUCTIVE  FUNCTIONS  OF  SACCHAROMYCES  CEREVISLE.       1401 


Table  III. 


Expt, 
1. 
2. 


Malt  wort  alone 

Malt  wort   +0'7  gram 

alcohol  per  100  e.c. 

solution 
Malt  wort  +1"4  grams 

alcohol  per  100  e.c 

solution 


of) 

s  of) 
:.  of  V 


Number  of  cells        Total  number  of  cells 


added  at  the 

commencement  of 

experiment. 

3-9 

3-9 


present  when 

multiplication 

bad  ceased. 

18-2 

19-6 


18-2 


It  is  evident  from  an  inspection  of  the  total  numbers  of  the  cells 
found  in  the  above  experiments  that  the  amounts  of  alcohol  employed 
have  exerted  little  or  no  influence  on  cell  reproduction. 

The  results  of  a  second  series  of  experiments  in  which  larger 
quantities  of  alcohol  were  employed  are  given  in  Table  IV  : 


Table  IV. 


Expt. 

1.  Wort 

2.  Wort 

per 

3.  Wort 

per 

4.  Wort 

per 

5.  Wort 

per 

6.  Wort 

per 

7.  Wort 

per 


alone 
+  1-4 
100  c. 
+  2-8 
100  c. 
+  4-2 
100  c. 
+  5-6 
100  c, 
+  7-0 
100  c. 
+  8-4 
100  c. 


grams  of  alcohol"! 
c.  of  solution  J 
grams  of  alcohol  \ 
c.  of  solution  J 
grams  of  alcohol  ^ 
c.  of  solution  J 
grams  of  alcohol  \ 
c.  of  solution  J 
grams  of  alcohol^ 
c.  of  solution  J 
grams  of  alcohol) 
c.  of  solution      / 


Number  of  cells        Total  number  of  cells 


added  at 

commencement  of 

expeiimeut. 

1-72 

1-72 

1-72 


present  when 

multiplication 

had  ceased. 

19-8 

172 

17-6 
14-3 

9-6 

6-2 

2-3 


It  appears  from  the  results  of  these  experiments  that  the  influence 
of  alcohol  on  the  reproductive  functions  of  the  yeast  cell  is  very  slight 
when  the  amount  present  is  less  than  3  per  cent. ;  4*2  per  cent,  of 
alcohol  exerts  a  marked  influence,  and  quantities  exceeding  5  per  cent, 
exert  a  very  strong  influence;  but  even  8-4  per  cent.,  the  maximum 
amount  employed,  does  not  entirely  prevent  cell  multiplication  under 
the  conditions  of  experiment  described  above.  It  must,  however,  be 
borne  in  mind  when  considering  these  experiments  that  the  quantities 
of  alcohol  introduced  at  the  commencement  of  the  experiments  do  not 
express  the  total  quantities  present,  for  as  the  experiments  proceed  the 
yeast  cells  themselves  form  alcohol.  For  instance,  in  Expt.  1  of  the 
last  series,  to  which  no  alcohol  was  added,  it   was  found  at  the  con- 
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elusion  of  the  experiment  that  the  amount  of  alcohol  formed  by  the 
yeast  alone  was  3"6  per  cent.  It  is  true  that  in  a  medium  such  as 
malt  wort  cell  reproduction  has  usually  ceased  before  the  whole  of  the 
fermentable  sugar  present  is  decomposed,  and  consequently  the  cells 
during  reproduction  have  not  been  under  the  influence  of  the  whole  of 
the  alcohol  which  is  found  at  the  termination  of  fermentation,  but 
they  have  been  under  the  influence  of  the  greater  part  of  it. 
Probably  the  amount  of  alcohol  capable  of  influencing  cell  reproduc- 
tion should  be  increased  by  at  least  2  per  cent,  in  most  of  the  experi- 
ments described.*  For  instance  in  Expt.  4  (Table  IV),  4-2  per  cent, 
of  alcohol  was  introduced  without  influencing  reproduction  to  any 
large  extent,  and  yet,  as  just  shown,  the  amount  of  alcohol  present 
before  cell  reproduction  ceased  can  hardly  have  been  less  than  6-2  per 
cent. 

Now  in  Expt.  1,  with  malt  woi-t  alone,  it  has  been  shown  that  the 
total  amount  of  alcohol  produced  by  fermentation  was  3-6  per  cent., 
and  yet  cell  reproduction  was  arrested  before  even  this  amount  of  alcohol 
was  pi-esent.  It  appears  impossible,  therefore,  to  regard  alcohol  as 
the  controlling  influence  in  yeast  cell  reproduction  under  these 
conditions. 

The  last  experiments,  however,  only  refer  to  the  total  increase  in 
number  of  cells  in  the  presence  of  alcohol.  The  results  of  other 
experiments  purposing  to  ascertain  the  influence  of  alcohol  on  the 
velocity  of  cell  reproduction  are  given  below  in  Table  Y. 

These  experiments  were  conducted  in  a  similar  manner  to  those 
previously  described,  excepting  that  the  cells  were  counted  18  hours 
after  the  commencement  of  the  experiments,  when  cell  reproduction  was 
in  full  progress. 

Table  V. 


A. 

B. 

Reproducti 

Cells  added  at 

Total  number 

rate 

commencement 

of  cells 

B 

Expt.                                  of  experiment. 

after  18  hours. 

A" 

1.     Wort  aloue  077 

(J-.39 

8-3 

2.     Wort   +2 '4    perl           a. 7 7 
cent,  of  alcohol)           "" 

5-38 

7-0 

The  results  obtained  indicate  that  the  rate  of  cell  reproduction  has 
been  checked  to  a  slight  extent  by  2*4  per  cent,  of  added  alcohol,  but 
that  this  relatively  large  amount,  which  does  not  represent  by  any 
means  the  whole  of  the  alcohol  present  during  reproduction  (see 
above,  p.  1402),  has  not  exerted  a  marked  influence.  In  connection 
with  this,  however,  the  experiments  described  in  Table  I  may  be 
reconsidered  with  advantage.  In  this  table,  the  amount  of  alcohol 
*  This  estimate  is  of  necessity  a  rough  one. 
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present  at  the  termination  of  each  experiment  when  the  cells  were 
counted  is  given  in  column  E.  In  the  first  and  fourth  experiments 
the  respective  amounts  of  U"44  and  O'So  per  cent,  of  alcohol  are 
found. 

It  will  be  noticed  that  the  difference  between  these  amounts  is  only 
0'39  per  cent.,  and  yet  the  cell  reproduction  rate  found  for  each 
experiment  respectively  is  20'9  and  10'5  ;  that  is  to  say,  the  rate  of 
reproduction  has  dropped  to  one-half  in  the  fourth  experiment  when 
the  amount  of  alcohol  present  in  this  experiment  is  only  0'39  per 
cent,  more  than  in  the  first  experiment.  It  is  difiicult  to  come  to  any 
other  conckision  than  that  the  fall  in  the  rate  of  reproduction  just 
referred  to  cannot  be  due  to  the  presence  of  the  small  increase  in  the 
amount  of  alcohol  when  the  very  limited  effect  of  2-4  per  cent, 
alcohol  demonstrated  by  the  experimental  results  given  in  Table  5 
is  considered.  Moreover,  this  conclusion  is  further  strengthened 
incidentally  by  experiments,  now  to  be  described,  which  were  made  in 
order  to  test  the  effect  on  reproduction  of  non-gaseous  products  of 
yeast  cell  metabolism  other  than  alcohol. 

These  experiments  were  conducted  in  the  following  manner.  Yeast 
was  added  to  a  malt  wort  (sp.  gr.  1-051)  and  the  wort  was  allowed  to 
ferment  completely.  Subsequently  the  yeast  cells  present  in  the 
fermented  wort  were  removed  by  filtration. 

In  Expt.  xi,  75  c.c.  of  the  fermented  wort  were  mixed  with  75  c.c. 
of  a  fresh  unfermented  wort  (sp.  gr.  1'082). 

In  Expt.  B,  75  c.c.  of  water  were  added  to  75  c.c.  of  the  same 
unfermented  wort  used  in  Expt.  A. 

Consequently,  in  Expt.  A  the  nutrient  solution  was  composed  half 
of  fresh  wort  and  half  of  a  completely  fermented  wort  containing 
the  non-gaseous  products  of  yeast  cell  metabolism,  and  in  Expt.  B  it 
was  composed  half  of  unfermented  wort  and  half  of  water. 

In  order  to  make  the  series  of  experiments  more  complete,  a 
separation  was  made  of  the  volatile  non-gaseous  products  from  the 
non-volatile  products  of  fermentation,  and  experiments  conducted 
with  these  separately.  A  known  volume  of  the  completely  fermented 
wort  referred  to  above  was  distilled,  and  the  distillate  and  residue 
made  up  to  the  original  volume.  By  this  means,  two  solutions  were 
obtained  containing  the  volatile  and  the  non-volatile  products  in  the 
same  relative  concentration  as  in  the  original  fermented  wort. 

In  Expt.  C,  75  c.c.  of  the  volatile  products  were  mixed  with  75  c.c. 
of  fresh  wort  as  used  in  Expt.  A, 

In  Expt.  D,  75  c.c.  of  the  non-volatile  products  were  also  mixed  with 
75  c.c.  of  the  same  fresh  wort. 

An  equal  number  of  yeast  cells  was  then  added  to  each  of  the  four 
experiments  and  cell  reproduction  allowed  to  proceed  for  seventeen 
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hours  at  a  temperature  of  20°.     The  number  of  cells  present  in  each 
experiment  was  then  determined. 

The  results  obtained  from  the  four  experiments  are  giv^en  below  : 

A.  B.                          C. 

Cells  added  at  Total  number  Reproduction 

commencenieut  of  cells                     j.^^e  ^. 

of  experiment.  after  17  lionrs.                       A 

^•{|FertXf.ort':::::::::}    ^-^^ 

^•{f^rter""^*   }  0-82  6-52  7-9 

^{l^^ii^^ducts  ••::::::}    «-«^ 

^11  Fresh  wort  •■-••••  1  o-82  7-37  8-9 

\. J  Non- volatile  products..  J 

It  will  be  noticed  that  the  observed  rates  of  reproduction  do  not 
vary  much  in  these  experiments.  There  are  slight  decreases  observ- 
able in  the  rates  of  A  and  G,  as  compared  with  that  of  B,  the 
experiment  to  which  no  products  of  fermentation  were  added,  but  it  is 
questionable  if  any  stress  can  be  laid  on  the  small  differences  found 
when  the  general  character  of  the  experiments  is  considered.  Further, 
if  the  slight  retarding  influence  which  is  evidenced  is  real,  it  is 
probably  due  to  alcohol  alone,  which  has  already  been  shown  to  exert  a 
slight  letarding  influence  under  ordinary  conditions  of  fermentation. 

Another  series  of  experiments  was  also  made  with  the  object  of 
further  investigating  the  influence  of  the  products  of  cell  metabolism 
on  the  rate  of  reproduction. 

Two  flasks,  A  and  B,  each  containing  300  c.c.  of  a  12  per  cent, 
solution  of  cane  sugar  in  yeast  water,  were  prepared  and  yeast  was 
added  to  A  at  the  rate  of  0-36  cell  per  standard  volume,  and  to  B  at 
the  rate  of  1'44  cells,  or  four  times  as  many  as  in  A.  After  allowing 
cell  reproduction  to  proceed  for  seventeen  hours  at  a  temperature  of 
22°,  the  cells  were  again  counted  in  both  flasks  with  the  following 
result  : 

Cells  added  at 

conimencenieat  Total  number  of 

of  experiment.  cells  after  17  hours.        Reproduction  rate. 

A.  0-36  3-16  8-8 

B.  l-l-l  7-36  5-1 

In  agreement  with  previous  observations  relative  to  the  velocity  of 
cell  reproduction  (see  p.  1399),  it  will  be  noticed  that  the  reproduction 
rate  of  B  was  approximately  half  that  of  A,  since  B  was  seeded  with  a 
four-fold  larger  number  of  cells  than  A.  After  counting  the  cells  in 
A  and  B,  the  fermenting  solutions  were  filtered  to  free  them  from  the 
contained  yeast  cells.  It  was  not  found  possible  in  the  circum- 
stances to  remove  all  the  cells,  and  there  still  remained  in  A  cells  to 


II 
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the  number  of  0'30  per  standard  volume,  and  in  B  to  the  number  of 
0-58. 

More  fresh  yeast  cells  were  then  added  to  A  and  B,  bringing  up  the 
total  number  for  A  to  r35,  and  for  B  to  1-29  cells. 

A  and  B,  now  containing  approximately  an  equal  number  of  cells, 
were  again  placed  under  favourable  conditions  for  yeast  reproduction 
for  twenty-one  hours,  when  the  respective  rates  of  reproduction  were 
again  determined  by  counting. 

Under  the  conditions  obtaining  in  the  above  experiments,  it  will  be 
noticed  that  the  two  solutions  A  and  B,  which  had  previously  exhibited 
rates  of  reproduction  in  the  proportion  of  about  2  : 1  when  seeded  with 
cells  in  the  proportion  of  1  : 4,  were  employed  as  nutrient  media  for 
approximately  equal  numbers  of  cells.  Now  if  the  original  fall  in  the 
rate  of  reproduction  of  B  was  conditioned  by  the  larger  amount  of 
products  of  cell  metabolism  present  in  B,  then  if  the  liquids  in  .1  and 
B,  both  of  which  still  contained  nutritive  matter  in  large  excess,  were 
again  seeded  with  an  equal  number  of  cells,  the  rate  of  cell  reproduction 
in  B  should  continue  to  be  less  than  that  in  A.  But  the  determined 
rate  of  reproduction  for  A  was  found  to  be  4-81,  and  for  B  4'88,  that 
is  to  say,  they  were  the  same.  The  experiments  therefore  strengthen 
the  conclusion  that  the  non-gaseous  products  of  cell  metabolism  are  not 
the  determining  cause  of  the  arrest  of  cell  reproduction  for  which 
search  is  being  made. 

Influence  of  Carbon  Dioxide  on  Rep-oduction. 

It  was  necessary  now  to  consider  the  influence  which  carbon  dioxide, 
the  gaseous  product  of  yeast  cell  metabolism,  might  possibly  exert  on 
cell  reproduction.  Carbon  dioxide  differs  from  the  non-gaseous  pro- 
ducts of  yeast  cell  metabolism  in  the  important  particular  that  it  can 
only  accumulate  to  a  limited  extent  in  a  fermenting  liquid  under 
atmospheric  pressure,  and,  consequently,  shortly  after  the  commence- 
ment of  a  fermentation  experiment  under  ordinary  conditions  the  yeast 
cells  present  remain  under  the  influence  of  a  constant  amount  of 
carbon  dioxide  until  fermentation  draws  to  a  close. 

In  Table  I,  which  gives  the  results  of  a  series  of  experiments  on  the 
rite  of  reproduction  of  varying  numbers  of  yeast  cells,  the  quantities 
of  alcohol  per  100  c.c.  which  were  formed  during  cell  reproduction  are 
given  in  the  column  marked  E.  From  these  quantities  it  is  possible 
to  calculate  approximately  the  amount  of  carbon  dioxide  liberated  in 
each  experiment.  In  the  first  experiment  conducted  with  the  smallest 
number  of  yeast  cells,  0*44  gram  of  alcohol  was  found,  which  is  equiva- 
lent to  0'42  gram  of  carbon  dioxide  or  223  c.c.  But  less  than  half  this 
amount  would  saturate  the  liquid  under  the  conditions  of  experiment, 
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and  the  remainder  would  escape.  Similar  conditions  of  saturation 
must  have  obtained  throughout  the  whole  series  of  experiments,  which 
demonstrate,  as  will  be  remembered,  a  remarkable  fall  of  the  cell  re- 
production rate  as  the  number  of  cells  present  was  increased,  and  it 
therefore  appears  very  improbable  that  carbon  dioxide  can  have  been 
the  cavise  of  the  falh  But  this  evidence  is  indirect  and  not  very 
convincing. 

Direct  experiments  for  the  purpose  of  investigating  the  influence  of 
introduced  carbon  dioxide  on  cell  reproduction  are  unfortunately 
rendered  very  difficult  owing  to  the  unavoidable  introduction  of  com- 
plicating factors  which  tend  to  obscure  the  results.  If  experiments  on 
cell  reproduction  are  conducted  in  a  liquid  previously  saturated  with 
carbon  dioxide,  a  marked  reduction  in  both  the  rate  of  reproduction 
and  the  total  number  of  cells  formed  is  observed  ;  but  this  effect  cannot 
with  safety  be  attributed  to  carbon  dioxide,  for  the  oxygen  originally 
dissolved  in  the  liquid  is  wholly  or  in  pai't  removed  when  the  liquid  is 
saturated  with  carbon  dioxide,  and  it  has  been  established  by  Pasteur 
and  many  other  observers  that  oxygen  has  a  marked  influence  in 
stimulating  yeast  cell  reproduction.  If,  on  the  other  hand,  pressure  is 
resorted  to  as  an  aid  to  experiment,  another  factor  is  introduced  which 
also  influences  reproduction. 

In  order  to  avoid  to  some  extent  the  complicating  factors  of  the 
influence  of  oxygen  and  pressure,  a  series  of  experiments  was  arranged 
with  the  object  of  comparing  the  influence  of  carbon  dioxide  Avith  that 
of  hydrogen,  presumably  an  inert  gas  so  far  as  its  direct  action  on  cell 
life  is  concerned. 

Four  similar  flasks.  A,  B,  C,  and  D,  containing  equal  volumes  of 
malt  wort,  were  prepared.  A  rapid  current  of  well-washed  carbon 
dioxide  was  passed  through  A  and  B  for  several  hours,  and  a  current 
of  well-washed  hydrogen  through  C  and  D  for  an  equal  length  of  time. 
By  this  means  the  wort  in  A  and  B  was  satvirated  with  carbon  dioxide 
and  that  in  C  and  D  with  hydrogen. 

An  equal  and  known  number  of  yeast  cells  was  then  rapidly  intro- 
duced into  each  of  the  flasks,  and  currents  of  carbon  dioxide  and 
hydrogen  i-espectively  were  again  passed  through  the  flasks  for  two 
hours.  The  flasks,  which  were  specially  arranged  to  retain  the  intro- 
duced gases  under  atmospheric  pressure,  were  then  placed  in  an 
incubator  at  20°.  At  the  same  time,  two  other  flasks,  E  and  F,  con- 
taining malt  wort  inoculated  with  the  same  number  of  yeast  cells  as 
the  other  experiments,  wei-e  incubated  under  ordinary  conditions  of  air 
exposure. 

After  twenty  hours,  when  cell  reproduction  was  still  proceeding 
actively,  the  cells  were  counted  in  A,  C,  and  E  in  order  to  ascertain 
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the  rates  of  cell  reproduction  under  the  different  conditions  of  experi- 
ment.    The  results  are  given  below  : 


A. 

Cells  added  at 
commencement 
of  experiment. 

B. 

Total  number 

of  cells 
after  20  hours. 

C. 

Reproduction 

rate?. 
A 

1-25 

4-42 

3-53 

1-25 
1-25 

4-92 
9-10 

3-94 
7-28 

1-25 

8-02 

1-25 

8-70 

1-25 

19-74 

A.  Experiment  with  carbon 
dioxide     

C.  Experiment  with  hydro- 
gen   

E.  Experiment  with  air  ... 

The  other  flasks,  B,  D,  and  F,  were  left  in  the  incubator  for  five 
days  until  fermentation  Avas  over,  when  the  cells  in  each  were  counted 
in  order  to  ascertain  the  total  number  of  cells  present. 
The  results  are  given  below  : 

Cells  added  at 

commencement        Total  number 
of  experiment.       of  cells  formed. 
B.  Experiment  with  carbon  dioxide 

D.  ,,  ,,     hydrogen  

F.  ,,  ,,     air 

Both  series  of  experiments  demonstrate  very  clearly  the  well-known 
stimulating  influence  exerted  by  oxygen  on  the  reproductive  functions 
of  the  yeast  cell ;  the  main  point  of  interest  centres,  however,  in  a 
comparison  of  the  respective  rates  of  cell  reproduction  in  the  presence 
of  carbon  dioxide  and  of  hydrogen. 

It  will  be  noticed  that  the  numbers  expressing  the  rates  of  cell  re- 
production in  the  fir&t  series  of  experiments  and  the  total  number  of 
cells  found  in  the  second  series  are  almost  exactly  the  same  in  those 
experiments  with  hydrogen  as  in  those  with  carbon  dioxide,  and  in 
both  cases  the  numbers  are  much  smaller  than  those  observed  for  the 
air  experiments.  If  the  reduction  in  the  rates  of  reproduction  in  both 
the  hydrogen  and  carbon  dioxide  experiments  is  due  wholly,  or  in  part, 
to  deficiency  of  oxygen,  then,  as  the  amount  of  the  reduction  is  the  same 
in  the  presence  of  both  gases,  either  hydrogen  and  carbon  dioxide  have 
no  arresting  influence  on  cell  reproduction,  or  they  have  an  equally 
strong  influence. 

It  is  improbable  that  such  a  gas  as  hydrogen  possesses  any  power  of 
arresting  cell  reproduction,  and  still  more  improbable  if  it  possesses 
such  power  that  it  should  exactly  resemble  that  of  carbon  dioxide  j 
therefore,  the  general  w^eight  of  evidence  derived  from  the  above 
experiments  conflrms  the  conclusion  that  carbon  dioxide  as  a  product 
of  yeast  cell  metabolism  possesses  little  or  no  power  of  arresting  cell 
reproduction. 

5  A  2 
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Influence   of  Oxygen   on    Reproduction. 

The  present  attempt  to  discover  the  nature  of  the  main  controlling 
influence  which  retards  yeast  cell  reproduction  has  so  far  been  con- 
fined to  an  examination  of  the  effects  of  the  products  of  cell  meta- 
bolism, with  the  result  that  they  are  shown  to  be  incapable  of  influ- 
encing cell  reproduction  sufiiciently  to  account  for  the  remarkable 
reduction  in  rate  of  cell  increase  and  its  final  cessation  to  which  atten- 
tion has  been  called.  It  has  also  been  shown  by  previous  investigations 
{loc.  cit.)  that  the  controlling  influence  is  not  associated  with  the 
effects  of  nutrition. 

Under  these  circumstances,  since  other  probable  causes  have  been 
eliminated,  it  is  necessary  to  consider  whether  oxygen — an  agent  known 
to  exert  a  stimulating  effect  on  yeast  cell  reproduction — is  associated 
in  some  manner  with  the  phenomenon  under  consideration. 

It  has  already  been  pointed  out  that  the  evidence  derived  from  the 
measure  of  the  decline  in  the  rate  of  cell  reproduction  to  which  atten- 
tion has  already  been  called  (see  p.  1399)  indicates  that  the  fall  in  the 
rate  is  not  due  to  the  influence  of  anything  which  exercises  a  retarding 
effect,  but  to  the  exhaustion  of  an  influence  which  originally  possesses 
a  stimulating  effect. 

Oxygen,  as  before  remarked,  is  known  to  exercise  a  stimulating 
effect  on  yeast  cell  reproduction,  and  it  appears  very  probable  that  its 
presence  is  an  essential  factor  in  functioning  reproduction.  Pastevir 
has  demonstrated  that  yeast  cell  reproduction  is  almost  prevented  in 
nutritive  solutions  containing  a  mere  trace  of  oxygen,  and  his  experi- 
ments point  strongly  to  the  conclusion  that  reproduction  would  not 
take  place  at  all  in  the  complete  absence  of  oxygen  during  the  initial 
stage  of  a  fermentation  experiment  (Pasteur,  Etudes  sur  la  Mere, 
chap,  vi).  It  is  also  well  established  that  yeast  cells  possess  an 
avidity  for  free  oxygen,  and  speedily  absorb  every  trace  of  it  from  a 
solution  in  which  the  cells  are  living  {ibid.,  chap.  vii).  As  there  is 
evidence  therefore  that  cell  reproduction  is  intimately  associated  with 
the  presence  of  oxygen  and  that  the  cells  absorb  oxygen,  it  seems 
probable  that  the  influence  which  retards  and  finally  arrests  reproduc- 
tion may  be  functioned  by  limitation  and  exhaustion  of  oxygen  supply. 
The  Saccharomycetes  are  a  highly  specialised  group  of  fungi  which 
possess  a  phase  in  their  life  history  in  which  they  act  as  fermenting 
organisms,  and  in  this  phase  they  are  able  to  reproduce  within  certain 
omits  when  under  anaerobic  conditions.  But  in  other  phases  of  the 
life  history  of  the  Saccharomycetes  than  the  so-called  fermenting  one, 
oxygen  is  as  essential  as  it  is  for  the  ordinary  life  functions  of  normal 
fungi — for  instance,  during  the  formation  of  ascospores  or  the  develop- 
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ment  of  film  growths.  It  is  possible  therefore  to  regard  the  Saccharo- 
mycetes  as  fungi  which  have  developed  through  process  of  evolution 
a  phase  in  their  life  history  in  which  they  obtain  the  energy  neces- 
sary for  continued  cell  life  under  anaerobic  conditions  by  means  of 
fermentation,  and  in  which  to  some  extent  they  possess  the  power  of 
reproduction  under  similar  conditions,  but  that  reproduction  under 
these  conditions  is  not  independent  of  oxygen.  It  is  conceivable  that 
the  limited  power  of  cell  reproduction  in  absence  of  oxygen  is  ob- 
tained originally  from  the  oxygen,  which  appears  to  be  necessary  for 
initiation  of  cell  multiplication,  and  that  the  influence  of  oxygen 
absorbed  at  this  stage  sustains  and  governs  the  functions  of  cell  repro- 
duction under  anaerobic  conditions.  Hence  the  controlling  influence 
of  cell  reproduction  which  is  being  looked  for  may  be  a  condition  of 
the  original  oxygen  supplied  to  the  cell.  Such  a  conception  is  in 
harmony  with  all  the  observations  previously  made,  and  is  supported 
by  experiments  which  will  now  be  described. 

It  has  already  been  shown  that  the  rate  of  reproduction  of  yeast 
cells  under  normal  conditions  of  growth  falls  rapidly  as  the  number 
of  cells  is  increased.  On  the  assumption  that  the  fall  in  velocity  is 
due  to  a  larger  number  of  individual  cells  having  less  oxygen  at  their 
disposal  during  the  initial  stage  of  reproduction  than  has  a  smaller 
number,  it  seemed  probable  that  if  varying  numbers  of  cells  were 
supplied  during  reproduction  with  sufficient  oxygen  for  their  require- 
ments, the  observed  rates  of  reproduction  under  these  conditions 
would  be  the  same. 

To  test  this  experimentally,  two  flasks  containing  malt  wort,  arranged 
so  that  a  rapid  current  of  air  was  constantly  passing  through 
both,  were  sown  with  yeast  cells  to  the  number  respectively  of  0*42 
and  1'68  per  standard  volume — that  is  to  say,  in  the  proportion  of 
1 — 4.  At  the  same  time,  two  similar  flasks  of  wort  seeded  with 
similar  numbers  of  cells  were  prepared  and  allowed  to  remain  under 
normal  conditions  of  growth.  After  keeping  the  four  experiments  at 
a  constant  temperature  of  21°  for  seventeen  hours,  the  cells  in  each 
were  counted  with  the  following  results  : 


Cells  added  at 

Relative  pro- 

commence-. 

Number  of 

portion  of  rates 

ment  of 

cells  after 

Rate  of 

of  reproduc- 

experiment. 

17  hours. 

reproduction. 

tion  found. 

^0.    1. 

Without  aiv 

0-42 

8-8 

20-9  1 
9-0/ 

2-3:1 

No.  2. 

,, 

1-68 

15-2 

N'o.  3. 

With  ah-  ". 

0-42 

7 '7 

18-3  1 
12-8/ 

1-4:1 

No.  4. 

)>      .1 

1-68 

21-6 

It  will  be  noticed  in  connection  with  the  two  experiments  conducted 
without  air  that  the   rates  of  reproduction  found  are  in  the  propor- 
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tion  of  2'3:1,  a  proportion  which  closely  approximates  to  2:1,  an 
approach  to  which  is  usually  obtained  when  the  numbers  of  original 
mother  cells  introduced  are  in  the  proportion  of  1  : 4  {loo.  cit.).  But 
in  the  two  experiments  j(Nos.  3  and  4)  in  which  air  was  passed  through 
the  fermenting  liquids,  the  rates  of  reproduction  are  in  the  propor- 
tion of  1*4  ;1,  showing  that  the  larger  number  of  cells  has  been 
stimulated  to  a  proportionately  increased  rate  of  reproduction  by  the 
oxygen  introduced.  It  is  interesting  to  note  also  that  in  both  the 
experiments  with  the  smaller  number  of  cells  (Nos.  1  and  3),  although 
a  current  of  air  was  passed  through  No.  1  and  not  through  No.  3,  the 
total  number  of  cells  formed  in  each  case  were  (within  limits  of  experi- 
mental error)  the  same.  This  appears  to  indicate  that  the  original 
dissolved  oxygen  available  at  the  commencement  of  experiment  No.  1 
was  sufficient  for  the  reproduction  requirements  of  the  small  number 
of  cells  present,  and  that  the  extra  supply  of  air  to  No.  3  therefore 
did  not  influence  the  reproductive  functions  of  the  cells  in  the  latter 
experiment. 

In  another  sei-ies  of  experiments  in  which  a  solution  of  dextrose  in 
yeast  water  was  employed  as  a  nutrient  liquid,  and  through  which  air 
was  passed  more  rapidly  than  in  the  previous  experiments,  the  rates 
of  reproduction  in  two  flasks  originally  seeded  with  yeast  cells  in  the 
proportion  of  1  : 4  were  found  to  be  almost  exactly  in  the  proportion 
of  1  : 1. 

Another  series  of  experiments  was  conducted  with  a  view  to 
ascertain  the  influence  of  oxygen  on  the  total  increase  in  number  of 
cells  when  in  the  presence  of  varying  amounts  of  food. 

It  has  already  been  shown  that  the  reproductive  functions  of  the 
yeast  cell  are  not  controlled  by  the  amount  of  food  supply  when  the 
available  amount  lies  within  certain  wide  limits,  and  the  author's 
investigations  now  point  to  this  as  being  an  effect  of  limited  oxygen 
supply.  It  was  therefore  considered  that  if  yeast  cells  were  caused  to 
reproduce  in  solutions  containing  variable  amounts  of  food,  and  at 
the  same  time  were  supplied  continuously  with  oxygen,  cell  reproduc- 
tion would  be  controlled  by  the  amount  of  food  present,  and  the  total 
number  of  cells  obtained  would  be  proportional  to  the  available  amount 
of  nutriment. 

A  portion  of  a  malt  wort  of  a  specific  gravity  of  1-090  was 
diluted  with  water  to  a  specific  gravity  of  1'060,  so  that  two 
solutions  were  obtained  containing  nutritive  matter  in  the  pro- 
portion of  3:2.  One  hundred  c.c.  of  each  wort  were  then  placed  in 
two  flasks,  A  and  B,  arranged  so  that  a  current  of  air  was  passing 
constantly  through  them.  The  flasks  were  seeded  with  an  equal 
number  of  yeast  cells  and  kept  in  a  water-bath  at  a  constant  tempera- 
ture of  22°.     At  the  same  time,  as  check  experiments,  equal  volumes 
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of  the  same  worts  seeded  with  the  same  amount  of  yeast  were  placed 
in  two  flasks,  C  and  D,  and  allowed  to  ferment  under  ordinary 
conditions  at  the  same  temperature  as  A  and  B.  After  69  hours, 
when  all  signs  of  fermentation  were  over,  the  flasks  were  opened  and 
the  total  number  of  cells  in  each  determined.  The  results  of  the  four 
experiments  are  given  below. 

Sp.  gr.  of  worL      Total  number  of  cells  fouiiJ. 

Flask  J.     With  air 1-090  55-0 

„      B.     With  air 1060  33'1 

,,      C.     Without  air    1-090  19-9 

,,      D.    Withoutair  1-060  19-8 

In  the  check  experiments  C  and  D,  which  were  carried  on  under 
the  conditions  of  an  ordinary  fermentation  experiment,  it  will  be 
noticed  that  the  total  number  of  cells  found  was  the  same,  although 
the  amount  of  food  present  in  the  two  experiments  varied  in  the  pro- 
portion of  3:2,  thus  confirming  previous  observation  that  cell  repro- 
duction under  ordinary  conditions  of  yeast  growth  is  not  regulated  by 
food  supply.  On  the  other  hand,  it  will  be  noticed  that  in  flasks  A 
and  B,  through  which  air  was  passed,  the  total  number  of  cells  for  A 
was  55  and  for  ^  33  ;  that  is  to  say,  the  cells  were  in  the  proportion 
of  3:1-6  when  the  amount  of  yeast  food  px-esent  was  in  the  very  similar 
proportion  of  3  : 2.  In  the  presence  of  a  continuous  supply  of  oxygen, 
therefore,  regulation  of  the  reproductive  functions  of  the  yeast  cell 
appears  to  be  determined  by  food  supply. 

The  experiments  just  described  strengthen  the  conclusion  that  yeast 
cell  reproduction  under  anaerobic  conditions  is  conditioned  and  governed 
by  oxygen  originally  at  the  disposal  of  the  cell  prior  to  the  commence- 
ment of  reproduction. 

If  such  a  conclusion  as  this  is  entertained,  it  will  account  for  the 
phenomena  associated  with  the  arrest  of  cell  reproduction  which  the 
author  desired  to  explain  : 

(1)  It  explains  the  arrest  of  the  reproductive  functions  of  the  cell 
under  ordinary  conditions  of  fermentation  when  other  conditions, 
such  as  food  supply,  seem  to  favour  their  continuance,  for  the 
phenomenon  may  be  regarded  as  due  to  exhaustion  of  the  stimulating 
influence  of  oxygen  originally  supplied  to  the  cell. 

(2)  It  explains  the  rapid  fall  in  the  rate  of  i-eproduction  observed  in 
the  earlier  stages  of  reproduction,  for  at  the  commencement  of  repro- 
duction it  is  natural  to  expect  that  the  influence  of  oxygen  would  be 
most  active,  and,  as  the  cells  multiply,  that  its  influence  would  tend  to 
diminish  rapidly. 

(3)  It  explains  the  observation  that  in  experiments  commenced 
with  varying  numbers  of  cells,  the  cells  increase  to  the  same 
number  in  a  given   volume  of   liquid,  for   the  amount  of   available 
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oxygen  at  the  commencement  of  the  experiments  is  constant,  and  it 
is  conceivable  that  its  power  of  stimulation  is  constant  and  governs 
the  power  of  reproduction  of  the  cells  as  a  whole,  irrespective  of  the 
number  present. 

(4)  It  also  tends  to  explain  the  observation  that  if  more  cells  are 
added  to  a  volume  of  nutritive  solution  than  the  maximum  number 
to  which  a  normal  growth  would  develop,  reproduction  does  not  take 
place,  for  under  such  conditions  it  is  evident  that  each  cell  must  have 
at  its  disposal  a  very  limited  amount  of  oxygen,  and  it  is  conceivable 
that  this  amount  may  not  be  sufficient  to  stimulate  the  reproductive 
functions  of  the  cell  into  action. 

It  is  recognised  by  the  author  when  describing  the  results  of  his 
investigation  that  the  evidence  brought  forward  to  support  his  con- 
clusion is  not  complete,  but  an  investigation  of  such  a  subject 
as  the  influences  controlling  the  reproductive  functions  of  a  living 
cell  is  surrounded  by  so  many  difficulties,  owing  to  the  numberless 
factors  involved,  that  conclusive  evidence  is  perhaps  hardly  attainable. 
The  general  weight  of  the  evidence,  however,  strongly  sujjports  the 
author's  view,  which  he  brings  forward  in  the  hope  that  it  may  con- 
tribute to  a  better  understanding  of  the  functions  of  reproduction  of 
the  Saccharomycetes,  and  perhaps  also  of  those  of  other  facultative 
anaerobes. 

University  of  Birmingham. 


CXLI. — Some  Oxidation  Products  of  the  Ilydroxi/henzoic 
Acids  and  the  Constitution  of  Ellagic  Acid.     Part  /. 

By  Arthur  Georgk  Pkrkin,  F.R.S.,  and,  in  part,  Maximilian 

NiERENSTEIN,  Ph.D. 

During  an  examination  of  ellagic  acid  which  has  been  in  progress 
for  some  time  both  in  the  Dyeing  and  Leather  Departments  of  this 
University,  it  was  desirable  to  obtain  some  ready  method  by  which 
this  could  be  prepaid  in  quantity,  for  although  the  synthetical  methods 
of  Lowe  {Zeitschrift  fiir  Chemie,  1868,  4,  603)  and  Ernst  and  Zwenger 
{Annalen,  1871,  159,  32)  were  available  and  the  substance  is  not 
difficult  to  obtain  from  numerous  natural  tannin  products,  much  time 
and  labour  would  be  involved  in  isolating  the  necessary  amount.  In 
the  earlier  stage  of   the  work  these   processes   were   in  part  adopted, 
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but  later  the  desired  object  was  effected  in  that  it  was  found  that  by 
oxidising  gallic  acid  in  acetic  acid  solution  by  addition  of  potassium  per- 
sulphate and  sulphuric  acid,  ellagic  acid  could  be  produced  both  rapidly 
and  in  moderate  quantity.  As  a  consequence  of  this  result,  it  was  of 
interest  to  submit  other  hydroxybenzoic  acids  to  a  similar  treatment,  for 
it  Avas  expected  that  compounds  bearing  a  simple  relationship  to  this 
interesting  substance  would  thus  be  formed.  In  this  respect,  the 
behaviour  of  protocatechuic  acid,  ^>hydroxybenzoic  acid,  and  in  part 
m-hydroxybenzoic  acid  has  been  studied,  for  although  some  other  acids 
of  this  class  yield  interestiog  products,  these  appear  to  be  of  a  complex 
character,  and  are  reserved  for  a  later  communication. 


Acid. 

Of  all  the  natural  yellow  colouring  matters,  ellagic  acid,  or  rather 
ellagitannic  acid,  from  which  it  is  readily  produced]  on  hydrolysis,  is 
probably  the  most  widely  diffused,  as  it  is  almost  invariably  found  to 
accompany  gallotannin  in  the  numerous  vegetable  products  in  which 
the  latter  is  known  to  occur.  In  certain  instances,  it  has  been  shown 
to  exist  in  conjunction  with  tannins  of  the  catechol  class,  as  for 
instance  in  the  Quebracho  Colorado  (Trans.,  1896,  69,  1307),  although 
as  gallic  acid  can  be  isolated  from  this  product,  the  presence  of 
gallotannin  is  also  likely.  The  most  suitable  source  of  this  colouring 
matter  is  either  "  divi-divi "  {Ccesalpinia  coriaria),  "  agarobilla " 
(Ccesalpinia  hrevifolia),  "  myrabolans "  [Terminalia  Chebula),  or 
"  valonia  "  {Quercus  cegilojjs),  and  extracts  of  these  fruits  on  long 
standing  frequently  deposit  ellagic  acid,  due  apparently  to  the  action 
of  a  ferment  which  is  said  to  exist  in  these  plants.  This  behaviour  is 
a  source  of  much  trouble  to  the  extract  manufacturers,  and  large 
quantities  of  ellagic  acid,  unsuitable  as  it  is  in  the  free  state  for 
tanning  purposes,  are  yearly  thrown  to  waste.  As  regards  ellagi- 
tannic acid,  but  little  is  known,  and  no  work  of  importance  has  been 
done  on  the  subject  since  its  isolation  by  Lowe  from  divi-divi,  who 
{Zeit.  anal  Chem.,  1875,  14,  40)  assigned  to  it  the  formula  C^^HjqOjo, 
and  described  an  acetyl  derivative,  0,^1150^0(021130)5.  The  ready 
solubility  of  this  compound  in  water,  together  with  the  ease  with 
which  it  is  hydrolysed,  leads  one  to  infer  that  it  is  either  a  glucoside 
of  ellagic  acid  or  the  glucoside  of  a  gallic  ester  of  this  substance. 

Ellagic  acid  has  been  studied  by  numei-ous  workers,  but  the  most 
important  investigation  of  the  subject  is  embodied  in  the  very 
admirable  work  of  Barth  and  Goldschmidt  (Ber.,  1879,  12,  1237), 
which  was  supplemented  in  1892  {Monatsh.,  1892,  13,  51)  by 
Goldschmidt  and  Jahoda.     As  a  result,  the  following  constitutions 


1414      PERKIN   AND    NIERENSTEIN  :    SOME   OXIDATION    PRODUCTS 


were  proposed  for  this  substance,   the  second  of  which  was   finally- 
adopted  : 


OH 


-co- 


JOH 


-CO- 


CO 


OH  O      OH 

II. 


OH 


OH     OH'n^^OH 
OH 


I 


The   reasons   for   this   suggestion  were  mainly  that  ellagic    acid, 
^U^i^S^^)^  '^^  distillation  with  zinc  dust  gives  fluorene, 

I     I     'I     M 


by  fuiiion  with  alkali,  it  yields  hexahydroxydiphenyl, 


OH 


I  I 
\/ 
OH 


OH     OH 


OH 


OH 


and  by  the  more  gentle  action  of  the  alkali  gives  rise  to  a  com- 
pound, C^gHgOy,  from  which  fluorene  could  also  be  obtained  and  which 
was  considered  to  be  hexahydroxydiphenylene  ketone.  Subsequently, 
Schiff  {JBer.,  1879,  12,  1534),  who  had  been  previously  engaged  on 
this  subject,  proposed  the  following  formulfe  : 


O 


CO-CoH(OH)2 
C0-C,II(0H)2 


CO-C6H(OH)2-0 

6— C6H(0H)./C0 


I.  II. 

although  he  was  also  to  some  extent  in  sympathy  with  that  of   Earth 
and  Goldschmidt. 

Quite  recently,  Graebe  (Ber.,  1903,  36,  212)  described  the  interest- 
ing result  that  diphenylmethylolid,  the  lactone  of  2-hydroxydi- 
phenylene-2'-carboxylic  acid, 

0-CO-v. 


^on  distillation  with  zinc  dust  gave  fluorene  in  addition  to  diphenyl 
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and  methyldiphenyl,  and  in  a  theoretical  discussion  of  the  subject 
suggested  the  following  formula  for  ellagic  acid, 

OH 

which  was  identical  with  one  of  those  proposed  by  Schiff.  Accordingly, 
Earth  and  Goldschmidt's  compound,  C^^HgO-,  would  not  be  a  hexa- 
hydroxydiphenylene  ketone,  and  Graebe  considers  it  probable  that 
this  may  in  reality  be  a  pentahydroxydiphenylmethylolid. 

Lowe  {Zeitschrift  fiir  Chemie,  1868,  4,  603)  was  the  first  to  prepare 
ellagic  acid  synthetically  by  oxidising  gallic  acid  with  arsenic  acid,  and 
this  was  subsequently  accomplished  by  Ernst  and  Zwenger  (Annalen, 
1871,  159,  32)  by  heating  the  acid  ethyl  gallate  with  sodium  carbonate 
solution  in  the  presence  of  air.,  and  by  Griessmayer  (Annalen,  1871, 
160,  55)  by  heating  gallic  acid  with  water  and  iodine. 

These  i-eactions  apparently  indicate  a  simple  formula  for  ellagic 
acid,  and  in  case  the  fluorene  difficulty  is  now  removed,  Graebe's 
formula  is  much  to  be  preferred  to  that  of  Earth  and  Goklschmidt. 
The  tinctorial  properties  of  ellagic  acid  appear  to  have  been  recognised 
only  recently,  and  it  is  unusual  to  find  a  reference  to  this  subject  in 
the  older  dyeing  manuals.  In  1887,  it  was  placed  on  the  market  by 
Messrs.  Meister,  Lucius,  &  Brlining  under  the  name  of  "Alizarine 
Yellow  in  Paste,"  and  was  recommended  as  yielding  with  chromium 
mordants  shades  of  considerable  permanence.  So  far  as  one  can 
judge,  it  is  but  sparingly  employed  for  this  purpose. 

In  the  tanning  process,  the  ellagitannic  acid  absorbed  by  the  hide 
undergoes  at  least  partial  hydrolysis,  and  the  ellagic  acid  thus  deposited 
adds  weight  and  bloom  to  the  finished  article.  On  the  other  hand,  it 
has  not  been  determined  whether  ellagic  acid  is  a  tanning  matter  in 
the  true  sense  of  the  word,  and  its  extremely  insoluble  nature  renders 
this  a  difficult  question  to  solve. 

Experimental 

A  solution  of  10  grams  of  gallic  acid  in  100  c.c.   of  boiling  acetic 
acid  was  treated  with  5  c.c.  of  sulphuric  acid,  and  10  grams  of  finely- 
powdered  potassium  persulphate  were  then  added  a  little  at]a  time.     A 
somewhat  energetic  reaction  ensued  and  from  the  clear   liquid,  which 
rapidly  assumed  a  brown  colour,  minute,  prismatic   needles  gradually 
'I    separated.     As  soon  as  the  ebullition  had  moderated,  the  mixture  was 
i|   gently  heated  for  a  few  minutes,  allowed  to   stand   for   half   an  hour, 
I  then  poured  into  water,  and  the  resulting  sandy  precipitate  collected, 
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washed,  and  dried.  Owing  to  the  sparing  solubility  of  this  product  in 
the  usual  solvents,  it  was  at  first  purified  by  means  of  its  acetyl 
derivative,  and  this  after  reorystallisation  was  hydrolysed  by  acid,  but 
this  slow  and  tedious  process  was  subsequently  avoided  by  the 
employment  of  boiling  pyridine  *  in  which  it  was  found  to  dissolve 
somewhat  readily.  On  cooling,  prismatic  needles  separated  which  were 
collected  and  recrystallised  from  the  same  solvent  with  the  aid  of 
animal  charcoal.  This  substance,  which  in  the  pure  condition  was 
almost  colourless,  consisted  of  an  unstable  salt  of  the  original 
compound,  or  contained  pyridine  of  crystallisation,  for  on  washing  with 
alcohol  these  crystals  were  disintegrated  and  a  pale  yellow  powder 
resulted,  and  again  this  change  slowly  occurred  on  standing  at  the 
ordinary  temperature.  On  the  other  hand,  it  retained  traces  of 
pyridine  with  some  avidity,  for  this  was  only  completely  removed  on 
drying  at  160°. 

Found  0  =  55-53;  H=2-26.     Ci^H^Og  requires  0  =  55-62  ;  H=l-98 
per  cent. 

Thus  obtained  it  formed  a  crystalline  powder,  melting  above  360°, 
soluble  in  dilute  alkaline  solutions  with  a  pale  yellow  colour.  It 
possessed  somewhat  feeble  dyeing  properties,  similar  to  those  given  by 
ellagic  acid,  and,  as  subsequent  experiment  showed,  there  was  no  doubt 
as  to  its  identity  with  this  colouring  matter.  "With  nitric  acid  con- 
taining nitrous  acid  and  subsequent  dilution  it  gave  the  well-known 
blood-red  coloration  (Griessmayer's  reaction),  and  it  is  evident  that 
this  is  a  reaction  of  ellagio  acid  and  not  due  to  some  special  im- 
purity, as  we  have  heard  privately  suggested.  The  yield  of  crude 
substance  by  the  above  process  varied  from  2*5  to  3  grams,  and 
numerous  unsuccessful  experiments  have  been  carried  out  with  the 
object  of  impi-oving  the  method.  That  this  may  be  still  effected  seems 
possible  and  the  matter  is  reserved  for  further  study. 

The  acetyl  derivative  was  prepared  by  boiling  the  finely-powdered 
substance  with  a  large  volume  of  acetic  anhydride  for  several  hours, 
and  then  recrystallising  the  product  from  the  same  solvent  with  the 
use  of  animal  charcoal. 

Found  0  =  56-24;  H  =  3-16.       OitH208(02H30),  requires  0  =  56-17  ; 
H  =  2-98  per  cent" 

It  formed  glistening,  colourless,  flat  needles  which  commenced  to 
sinter  about  335°  and  melted  at  343 — 346°  (the  melting  point 
313 — 316°  given  in  Proc,  1905,  21,  185,  is  a  clerical  error)  and  was 
identical  with  the  product  of  the  acetylation  of  natural  ellagic  acid. 
Goldschmidt    and    his    colleagues    (loc.    cit.)    were    not   successful    in 

*  Kahlbaum's  Pyridine  II  was  employed  for  this  purpose. 
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determining  the  acetyl  groups  in  this  substance,  and  eventually 
resorted  to  an  examination  of  the  benzoyl  compound.  Experiment, 
however,  showed  that  the  hydrolysis  may  be  carried  out  by  the  indirect 
method  with  good  result,  employing  2  c.c.  of  sulphuric  acid,  15  c.c.  of 
acetic  acid,  and  I  gram  approximately  of  the  acetyl  derivative. 

Found  Ci^H,.Pg  =  (a)  63-74  and  (b)  64-19.    C,^H20s(C,H30)^  requires 
Ci^H^Og^  64-25  per  cent. 

In  these  estimations  (a)  refers  to  the  acetyl  compound  prepared 
from  artificial  and  (b)  from  natural  ellagic  acid. 

It  has  been  recently  found  that  a  convenient  source  of  natural  ellagic 
acid  is  the  "Alizarine  yellow  in  paste"  of  Messrs.  Meister,  Lucius,  & 
Briining,  previously  referi-ed  to ;  and  this,  after  drying,  can  be 
readily  purified  by  crystallisation  from  pyridine,  and  constituted  the 
natural  ellagic  acid  which  was  latterly  employed  to  a  considerable 
extent  in  this  work. 

Ellagic  acid  prepared  by  the  hydrolysis  of  its  acetyl  compound  is 
much  more  faintly  yellow  than  when  purified  by  the  pyridine  method, 
and  at  first  sight  might  be  presumed  to  be  colourless.  On  comparison 
Avith  its  acetyl  derivative,  however,  its  yellow  tinge  is  at  once  evident, 
from  which  it  appears  that  this  must  be  regarded  as  a  characteristic 
of  the  pure  substance.  Experiment  showed  that  protocatechuic, 
^j-hydroxybenzoic,  and  ?H-hydroxybenzoic  acids  do  not  react  so  readily 
as  gallic  acid  in  the  manner  described  and  but  traces  of  products 
insoluble  in  water  could  be  thus  obtained.  If  sulphuric  acid,  however, 
undiluted  with  acetic  acid  was  employed  as  a  solvent,  this  difiiculty  was 
avoided,  and  the  oxidation  of  the  above  acids  was  accordingly  studied 
by  this  method. 

Catellagic  Acid. 

Bchiff  {Ber.,  1882,  15,  2590),  on  heating  protocatechuic  acid  with 
arsenic  acid,  obtained  a  substance  which  he  named  catellagic  acid,  and 
to  this  he  assigned  the  formula  Cj^H^qO^  or  C^^HgO^.  No  analyses, 
however,  are  given  in  the  paper,  and  no  description  of  the  compound 
can  be  found  beyond  the  statement  that  it  is  like  ellagic  acid. 

As  ellagic  acid  is  so  readily  obtained  from  gallic  acid  by  the  per- 
sulphate method,  it  was  likely  that  in  the  case  of  protocatechuic  acid 
a  similar  substance,  containing,  however,  only  two  hydroxyls,  would  be 
produced.  Five  grams  of  protocatechuic  acid  dissolved  in  50  c.c.  of 
sulphuric  acid  were  treated  gradually  with  7  5  grams  of  potassium 
persulphate,  not  allowing  the  temperature  to  rise  above  45°,  and  the 
resulting  deep  green  liquid  was  allowed  to  stand  overnight.  On  pour- 
ing into  water,  a  finely-divided,  greenish-yellow  precipitate  separated, 
which,  after  washing  and  drying,  weighed  3-77  grams.      As  the   sub- 
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stance  in  this  condition,  owing  to  its  sparing  solubility,  could  not  be 
purified  by  crystallisation  from  the  ordinary  solvents,  it  was  finely 
powdered  and  acetylated  with  acetic  anhydride  with  the  aid  of  a  drop 
of  sulphuric  acid.  The  product,  on  cooling,  became  semi-solid  owing  to 
the  separation  of  crystals,  which  were  collected  and  purified  by  crystal- 
lisation from  large  volumes  of  acetic  anhydride,  in  which  it  is  very 
sparingly  soluble.     The  yield  was  1-45  grams. 

Found,  0  =  61-22;  H  =  3-02.  G^^'il^O^.iC.^H^O).^  requires  0  =  61-01  ; 
H  =  2-82  per  cent. 

It  was  obtained  as  colourless,  prismatic  needles  resembling  aeetyl- 
ellagic  acid,  melting  at  322 — 324^,  and  almost  insoluble  in  the  ordinary 
solvents.  An  acetyl  determination  by  the  indirect  method,  employing 
sulphuric  and  acetic  acids,  gave  a  result  indicating  two  such  groups. 

Found,  Cj^H^Og  =  76-23.     G^Ji^0^{C2'K.p).^  requires  76-27  per  cent. 

The  catellagic  acid  thus  formed  consisted  of  minute,  prismatic 
needles,  which  were  anhydrous  at  100°,  and  differed  in  this  respect 
from  ellagic  acid  prepared  by  a  similar  method. 

Found,  0  =  62-04;  H  =  2-60.  O^.H^Og  requires  0  =  62  22  ;  H  =  2-22 
per  cent. 

Subsequent  experiment  showed  that  as  in  the  case  of  ellagic  acid, 
the  crude  catellagic  acid  is  readily  purified  by  crystallisation  from 
pyridine.  The  colourless,  prismatic  needles  Avhicli  separate  on  cooling 
contain  pyridine,  and  are  decomposed  by  alcohol  with  the  formation 
of  a  pale  yellow,  crystalline  powder. 

When  heated,  it  does  not  melt  below  360°,  but  at  higher  tem- 
peratures sublimes  with  but  moderate  carbonisation,  a  distinction  again 
from  ellagic  acid,  which  behaves  much  less  readily  in  this  manner. 
Oatellagic  acid  dissolves  in  nitric  acid  (sp.  gr.  1-42),  forming  a  magenta- 
coloured  liquid,  which,  on  standing,  changes  to  dull  brown,  and  from 
which,  on  dilution  with  water,  a  yellow,  crystalline  precipitate,  probably 
consisting  of  a  uitro-compound,  is  deposited.  Solutions  of  the  alkali 
hydroxides  dissolve  it  with  a  pale  yellow  colour,  which  is  discharged 
on  warming,  but  these  liquids,  on  neutralisation  with  acid,  deposit  un- 
changed catellagic  acid,  which  again  dissolves  in  the  alkali  with  a 
yellow  tint.     It  does  not  dye  mordanted  calico. 

It  has  been  previously  mentioned  that,  when  distilled  with  zinc  dust 
ellagic  acid  gives  fluorene,  and  it  was  therefore  to  be  expected  that 
catellagic  acid  would  behave  similarly.  This  was  found  to  be  the  case, 
for,  proceeding  in  the  usual  manner,  a  small  quantity  of  oily  distillate 
came  over,  which  solidified  on  standing,  and,  after  three  crystallisations 
from   alcohol,  melted   at    110 — IIP   and    closely    resembled    fluorene 
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(m.  p.  112 — 113°).  A  certain  amount  of  a  more  fusible  substance 
was  found  to  be  present  in  the  mother  liquors,  but  too  little  for 
identification. 

From  the  acid  filtrate  obtained  during  the  foregoing  preparation  uf 
catellagic  acid,  some  quantity  of  unattacked  protocatechuic  acid  was 
isolated  by  means  of  ether. 

The  Oxidation  of  ^^-Ilydroxyhenzoic  Acid. 

For  this  purpose,  30  grams  of  ^-hydroxybenzoic  acid,  ground  into  a 
thin  cream  with  150  c.c.  of  sulphuric  acid,  was  gently  heated  to  effect 
solution,  and  after  cooling  to  20°  treated  gradually  with  90  grams  of 
potassium  persulphate,  avoiding  much  rise  of  temperature.  The  dark 
liquid,  which  had  been  allowed  to  stand  overnight,  was  poured  into 
water,  and  the  resulting  deep  brown  amorphous  precipitate  was 
collected,  washed,  and  well  drained.  The  moist  product  was  digested 
with  about  five  times  its  volume  of  boiling  alcohol,  the  mixture 
treated  with  a  large  volume  of  ether,  and  the  clear  liquid  (B) 
decanted  from  some  quantity  of  insoluble  matter  (A). 

The  latter  product,  when  rinsed  two  or  three  times  with  ether,  was 
mixed  with  a  little  water,  heated  to  boiling  until  free  from  ether,  and 
after  cooling  collected,  allowed  to  dry  for  some  days  at  the  ordinary 
temperature,  and  finally  in  the  oven.  As  the  black,  resinous  product 
(3' 68  grams),  which  resembled  hard  pitch,  was  too  insoluble  to  be 
purified  by  crystallisation,  it  was  acetylated  by  means  of  acetic 
anhydride  and  a  few  drops  of  sulphuric  acid.  When  cold,  alcohol  was 
cautiously  added,  and  after  standing  overnight,  the  crystals  were 
collected  and  washed,  first  with  acetic  acid  and  then  with  alcohol- 
Examination  showed  that  this  substance  (2-8  grams)  was  a  mixture 
of  two  acetyl  compounds,  one  of  which  (C)  was  only  slightly  soluble 
in  boiling  acetic  acid,  whei'eas  the  second  was  much  more  so  (D). 
Proceeding  in  this  manner,  it  was  possible  to  obtain  (C)  in  an  almost 
chemically  pure  condition,  and  when  finally  crystallised  from  a  large 
volume  of  acetic  anhydride  in  the  presence  of  animal  charcoal,  it  was 
isolated  in  minute,  colourless  prisms  melting  at  322 — 324°. 

Found,  C  =  61-15  ;  H  =  3-07.     (^^^11^0^{(^.^fi).^  requires  C  =  61-01 
H  =  2-82  per  cent. 

An  acetyl  determination  gave  C^^HjjO^j^  75-76  per  cent.,  whereas 
the  above  formula  requires  76-27  per  cent.  The  product  of  the 
hydrolysis  was  obtained  in  minute,  colourless  prisms,  which  did  not 
melt  below  360°. 

Found,  C  =  61-84: ;  H  =  2-60.  C^^H^O^  requires  C  =  62-22  ;  H  =  2-22 
per  cent. 
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Heated  between  watch  glasses,  it  readily  sublimed,  and  had  the  pro- 
perties of  the  catellagic  acid  previously  obtained  from  protocatechuic 
acid.  To  be  certain  of  this  point,  equal  portions  of  the  acetyl  com- 
pound, prepared  from  both  sources,  were  crystallised  together  from 
acetic  anhydride,  and  as  a  result  it  was  found  that  the  product  gave 
the  correct  melting  point,  322 — 324°.  The  formation  of  this  substance 
from  p-hydroxybenzoic  acid  was  interesting,  and  indicated  that  either 
protocatechuic  acid  had  been  first  formed  by  the  oxidation,  or  that 
the  catechol  nuclei  had  been  produced  at  a  later  stage  of  the  reaction. 

The  acetic  acid  extracts  which  were  obtained  during  the  isolation 
of  the  acetylcatellagic  acid,  and  which  contained  principally  the  more 
soluble  compound  (D),  on  concentration  and  cooling,  deposited  crystals 
still  containing  a  trace  of  the  former  substance.  The  product  was 
collected,  and  by  two  or  three  fractional  crystallisations  from  acetic 
acid,  setting  aside  in  each  case  the  first  portions  as  impure,  a  com- 
pound of  definite  melting  point  was  isolated. 

This  acetyl  derivative  was  more  readily  obtained  pure  from  the 
product  contained  in  the  ethereal  extract  (B,  page  1419),  which  on 
evaporation  yielded  a  brown,  semicrystalline  mass  (5"4  grams).  The 
acetyl  compound,  prepared  with  acetic  anhydride  and  sulphuric  acid, 
was  repeatedly  crystallised  from  acetic  acid,  employing  animal  charcoal 
until  its  melting  point  was  constant.  No  doubt  a  trace  of  a  third 
substance  is  present  in  these  mixtures,  which  could  only  be  removed 
by  several  operations  of  this  kind,  and  this  was  unfortunate,  as  the 
yield  of  pure  product  was  of  necessity  considerably  decreased.  To 
determine  if  the  compound  was  completely  acetylated,  it  was  digested 
with  acetic  anhydride  and  sodium  acetate,  but  no  change  occurred 
thereby. 

Found,  C  =  60-57;  60-65;  H  =  3-60;  3-60.  Ci,H^O^.,(C2H30)2 
requires  C  =  60-67  ;  H  =  3*37  per  cent. 

It  formed  long,  glistening  needles,  melting  wuth  effervescence  at 
267 — 268°.  Hydrolysis  with  sulphuric  acid  in  the  presence  of  acetic 
acid  gave  the  following  result  : 

Found,  C\^HsO^  =  76-73  and  75-74.  Theory  requires  Ci^Hj,0^  = 
76*40  per  cent. 

The  product  of  the  reaction  consisted  of  minute,  colourless  needles, 
which  did  not  melt  below  360'^,  but  commenced  to  darken  about  300°. 
At  higher  temperatures  it  does  not  sub''    e. 

Found,  0  =  61-68;  H  =  3-08.  C,,  .y.^  quires  C  =  61-76  ;  H  =  2-94 
per  cent.  f 

This   compound    is    almost    insoluble   in    the    usual    solvents,    and 
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cannot  be  recrystallised  in  this  way,  but  if  it  be  suspended  in  boiling 
alcoholic  potash,  with  which  it  interacts  to  form  an  insoluble  salt,  and 
the  mixture  be  then  diluted  with  a  little  water,  the  clear  liquid  thus 
formed  on  neutralisation  with  acid  will  deposit  the  substance  in  silky 
needles.  It  dissolves  in  aqueous  alkalis  with  a  pale  yellow  colour, 
which  on  boiling  is  discharged,  but  if  acid  is  now  added  the  original 
substance  is  precipitated,  and  after  washing,  again  dissolves  in  a 
solution  of  the  reagent  with  a  pale  yellow  tint.  It  is  soluble  in 
solutions  of  the  alkali  hydrogen  carbonates  and  in  a  hot  aqueous  solu- 
tion of  potassium  acetate,  and  this  behaviour,  which  is  not  possessed 
by  ellagic  or  catellagic  acid,  indicates  the  presence  of  a  carhoxyl  group. 
The  compound  C^^HgO^  is  readily  soluble  in  warm  pyridine,  and  from 
concentrated  solutions  prismatic  needles  separate  on  long  standing. 
The  behaviour  of  these  crystals  indicates  that  they  consist  of  a  true 
pyridine  salt,  for  on  diluting  their  solution  with  water  or  alcohol  no 
deposit  is  formed,  and  only  by  neutralisation  with  acid  is  the  original 
compound  liberated.  The  sparing  solubility  of  catellagic  acid  in 
pyridine  and  the  ready  solubility  of  the  substance  C^^HgO^  in  this 
liquid  indicates  at  once  a  more  ready  method  for  separating  these 
compounds  than  that  which  has  been  described,  and  this,  it  is 
expected,  will  much  facilitate  the  further  work  in  this  direction. 
Alcoholic  potassium  acetate  gives  a  potassium  salt,  which  has  not  as 
yet  been  obtained  crystalline,  and  a  similar  compound  separates  as  a 
colourless  jelly  when  the  acetyl  derivative  is  digested  at  the  boiling 
point  with  the  same  reagent.  Sulphuric  acid  dissolves  it  with  a  pale 
yellow  colour,  and  nitric  acid  gradually  attacks  it  with  the  formation 
of  an  orange-red  liquid.     It  does  not  dye  mordanted  calico. 

Distilled  with  zinc  dust  in  the  usual  manner,  it  yielded  a  crystal- 
line distillate,  which  separated  fi"om  alcohol  in  colourless  leaflets, 
melted  at  110 — 111°,  and  evidently  consisted  of  flourene. 

A  preliminary  study  of  the  action  of  fused  alkali  on  the  substance 
Cj^HgOg  has  shown  that  it  is  only  slightly  attacked  at  200°,  but  at 
280 — 310°  two  compounds  are  formed  the  properties  of  which 
indicate  that  they  contain  carboxylic  groups.  Whereas  the  first 
(A)  melts  at  about  305—306^,  and  the  second  (B)  at  about  218—249°, 
both  are  easily  soluble  in  alcohol,  a  fact  which  distinguishes  them  from 
the  parent  substance.  Although  analyses  of  these  products  have  been 
carried  out,  these  are  reserved  for  a  further  communication,  because, 
owing  to  the  difficulties  of  preparing  a  quantity,  some  time  must  elapse 
before  their  constitution  is  satisfactorily  elucidated. 

The    close   resemblance    between    the    formulae    of    catellagic    acid, 

Cj^HgOg,  and  the  substance  C^^HgOg  suggested  the  possibility  that  this 

latter  was  an  intermediate  product  of  the  reaction  which  on  further 

oxidation  might  pass  into  the  former.     An  experiment  in  this  direction 

VOL.    LXXXVII.  5    B 
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was,  however,  unsuccessful,  for  0*5  gram  of  the  compound,  0'5  gram 
of  persulphate,  and  5  c.c.  of  sulphuric  acid  under  previous  conditions 
gave  0*4  gram  of  unchanged  substance.  The  employment  of  larger 
amounts  of  persulphate  mei'ely  resulted  in  a  decreased  yield  of  the 
original  compound,  and  a  stage  was  reached  when  the  acid  liquid  gave 
no  precipitate  on  dilution  with  water.  This  behaviour  probably 
accounts  for  the  small  yield  which  has  been  obtained  from  ^j-hydroxy- 
benzoic  acid,  the  substance  being  further  oxidised  with  formation  of 
soluble  products.  It  was  interesting  to  note  also  that  catellagic  acid 
in  this  manner  is  but  little  attacked,  and  no  higher  oxidation  com- 
pound of  the  nature  of  ellagic  acid  is  thus  formed. 

As  there  can  be  no  doubt  that  the  substances  under  consideration 
are  derivatives  of  diphenyl,  it  seemed  likely,  judging  by  the  above 
experiments,  that  this  linkage  had  occurred  subsequently  to  the 
oxidation  of  the  phenol  to  the  catechol  nucleus.  This  appeared  to  be  at 
least  in  part  the  case^  as  an  examination  of  the  acid  filtrate  from  the 
crude,  insoluble  product  of  the  oxidation  of  ^^-hydroxybenzoic  acid 
showed.  On  extracting  this  solution  with  ether,  some  quantity  of 
jo-hydroxybenzoic  acid  was  isolated,  but  a  trace  of  a  more  soluble  acid 
was  also  present,  which  gave  a  green  coloration  with  aqueous  ferric 
chloride.  It  was  separated  by  fractional  crystallisation,  was  found  to 
melt  at  194 — 196°,  and  had  the  properties  of  protocatechuic  acid. 

It  is  not  possible  to  formulate  the  substance  C^^HgOg  on  the  lines  of 
Goldschmidt's  formula  for  ellagic  acid,  for  such  a  compound  (I)  would 
contain  three  hydroxyl  groups.  For  the  same  reason,  the  diphenylene 
ketone  formula  (II)  is  not  available,  and  moreover,  as  ortho- 
hydroxyls  are  here  indicated,  tinctorial  property  would  be  observed. 


-CO — 


-00- 


^^        I^^OH  ^    /'OH        k    ;0H. 


OH 


OH  OH 

I.  11. 

The  only  reasonable  constitution  for  this  substance  appears  to  be  as 
follows  : 

oh/X^'-^/X 

I    Jco„H  !     I  ' 


OH 

with  which  its  reactions  are  in  agreement. 

By  analogy,  therefore,  ellagic  acid  has  the  constitution    suggested 
for  it  by  Graebe  (loc.  cit.),  I  : 
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oh/\^-7\  oh/\— -7\ 

OhI      JcO— Ox     JoH  I       JcO— o!       I 


OH  OH 

I.  II. 

and  a  natural  consequence,  that  of  catellagic  acid,  is  represented  by 
formula  II.  Whereas,  therefore,  ellagic  acid  is  formed  by  the  con- 
densation of  two  molecules  of  gallic  acid,  and  catellagic  acid  of 
two  molecules  of  protocatechuic  acid,  the  substance  C24HgO^  results 
from  the  interaction  of  one  molecule  of  protocatechuic  acid  and  one  of 
jp-hydroxybenzoic  acid.  A  second  lactone  formation  cannot  here 
occur  owing  to  the  absence  of  the  hydroxyl  in  the  position  (6)  necessary 
for  this  purpose.  It  is  remarkable  that  a  compound  having  the 
constitution 

CO.H 

OH  ^^ 


I        IC0,H  I 


OH 

which  one  would  naturally  expect  to  form  the  main  product  of  the 
oxidation  of  ^j-hydroxy benzoic  acid,  has  not  yet  been  isolated.  If 
present,  it  must  be  looked  for  among  the  more  soluble  portion  of  the 
mixed  acetyl  derivatives,  and  a  search  will  be  instituted  in  this 
direction. 

The  Action  of  Fused  Alkalis  on  Ellagic  Acid. 

Being  in  possession  of  a  method  by  which  large  quantities  of  ellagic 
acid  could  be  rapidly  prepared,  it  was  thought  desirable  to  study 
the  products  of  this  action,  because  the  statement  of  Barth  and 
Goldschmidt  that  hexahydroxydiphenylene  ketone  can  be  obtained 
in  this  manner  from  ellagic  acid  was  not  in  harmony  with  the 
above  results.  According  to  these  authors  (loc.  cit.),  this  product 
is  formed  when  ellagic  acid  is  digested  for  a  few  minutes  with  a 
boiling,  very  concentrated  potassium  hydroxide  solution,  and  experi- 
ment corroborated  this  statement  both  as  regards  the  natural  and 
artificial  products.  Ten  grams  of  ellagic  acid  dissolved  in  a  solution 
of  75  grams  of  potassium  hydroxide  in  100  c.c.  of  water  were  boiled 
for  ten  minutes  and  the  liquid  then  neutralised  with  acid. 

The  acid  solution  was  extracted  three  times  with  large  volumes 
of  ether,  and  on  evaporation  yielded  a  crystalline  residue  which 
on  examination  was  found  to  consist  of  three  substances.  On  di- 
gestion with  boiling  water,  a  small  quantity  of  the  product  remained 
undissolved ;  this,  which  was  identified  as  ellagic  acid,  was  removed, 
and  the  hot  filtrate  allowed  to  stand  overnight,     A  precipitate  of  long, 

5  B  2 
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hair-like  needles  had  then  separated,  which  after  drying  at  100° 
readily  dissolved  in  cold  alcohol,  and  could  not  therefore  consist  of 
ellagic  acid.  In  case,  however,  a  trace  of  the  latter  should  still  be 
present,  and  this  was  likely,  the  product  was  extracted  with  insuffi- 
cient boiling  water  for  complete  solution,  and  the  residue  rejected  as 
impure.  On  cooling,  the  crystals  were  collected,  dissolved  in  boiling 
alcohol,  the  liquid  treated  with  animal  charcoal  and  filtered,  evaporated 
to  a  small  bulk,  diluted  with  boiling  watei",  and  after  standing  for 
some  hours  the  deposited  substance  was  collected  and  dried  at  160°. 
The  yield  was  approximately  1  gram,  or  10  per  cent. 

Found,  C  =  56-68;  H  =  3-12.  G^^Bp^  requires  0  =  5652  ;  H  =  2-89 
per  cent. 

In  its  colour  reactions  with  solutions  of  the  alkaline  hydroxides 
and  with  ferric  chloride,  this  substance  possesses  identical  properties 
to  those  described  by  Barth  and  Goldschmidt  in  connection  with  their 
hexahydroxydiphenylene  ketone,  and  there  could  be  no  doubt  as  to  its 
identity  with  their  product.  As  regards  melting  point,  these  authors 
state  that  "  bis  250  tritt  Schwarzung  ohne  Schmelzen  ein,"  but  experi- 
ments showed  that  this  blackening  is  merely  the  effect  of  the  alkali  of 
the  glass.  It  was  found,  for  instance,  that  at  300°  the  substance  was 
as  a  whole  unaltered,  though  it  was  impossible  at  higher  temperatures 
to  observe  the  point  at  which  fusion  did  occur. 

An  acetyl  derivative  is  readily  prepared  by  the  action  of  boiling 
acetic  anhydride  during  two  hours.  Addition  of  alcohol  to  the  clear 
solution  caused  the  separation  of  a  crystalline  precipitate,  which  was 
redigested  with  the  anhydride  for  a  few  minvites,  and  again  isolated  in 
a  similar  manner.  Thus  obtained,  it  consisted  of  small,  colourless 
prismatic  needles  melting  at  224 — 226°.  An  acetyl  determination 
by  the  ethyl  acetate  method  gave  the  following  result : 

Found,  02H^02  =  61-34.     C^^Iip^iClI.fi)^  requires  61-73  per  cent. 
CisHAlC-Xo)^        „         68-18    „      „ 

To  corroborate  this  point,  the  benzoyl  derivative  was  examined,  as 
this  substance  was  produced  without  difficulty  by  means  of  the 
pyridine  method,  employing  9  grams  of  pyridine,  7  grams  of  benzoyl 
chloride,  and  0-6  gram  of  the  substance.  It  was  purified  by  crystallisa- 
tion from  a  mixture  of  nitrobenzene  and  alcohol,  and  was  obtained  as 
small,  colourless  plates  melting  at  257 — 259°. 

Found,  0  =  72-26  ;  H  =  3-81.     Q^^lip^{C^Yip)^  requires  0  =  72-36  ; 
H  =  3*52  per  cent. 

These  results  indicate  therefore  that  the  compound  O^gHgO^  contains 
hut  Jive    hydroxyl    groups,    and    thus    cannot    be   a    hexahydroxydi* 
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phenylene  ketone,  as  its  discoverers,  Barth  and  Goldschmidt,  sviggest. 
By  distillation  with  zinc  dust,  a  small  quantity  of  a  hydrocarbon  was 
obtained,  which  after  purification  formed  colourless  leaflets  melting 
at  110 — 111°,  and  this  corroborates  the  work  of  the  above  authors,  who 
prepared  fluorene  in  this  manner  from  their  compound.  From  these 
facts,  it  thus  appears  certain  that  this  substance  is  the  pentahydroxy- 
derivative  of  the  lactone  of  2-hydroxydiphenyl-2'-carboxylic  acid 
(diphenylmethylolid)  : 

/\^°7\oH 
OhI      JoH     I     JoH  ' 


OH 

this  as  previously  stated  has  been  surmised  by  Graebe,  and  is  in 
harmony  with  the  earlier  results  of  this  work.  The  formation  of 
such  a  product  from  ellagic  acid  is  readily  understood  in  that  by  the 
action  of  the  alkali, 

-C0-0-. 

I  ^ — I    r^' 

ohI      j-OiCO-l     JoH 
\/    ■     \/ 

UH 

a  lactone  group  is  opened  and  the  carboxyl  group  subsequently 
eliminated. 


The  Oxidation  of  m.-nydroxyhenzoic  Acid. 

An  examination  of  the  behaviour  of  m-hydroxybenzoic  acid  in  this 
respect  was  interesting,  because,  if  viewed  in  the  light  of  the  previous 
results  of  this  paper,  there  was  a  possibility  that  the  parent  substance 
of  ellagic  acid  would  be  thus  produced. 


0|H     OH|CO-^. 
\       JcO|OH     H|0^     1 


The  acid,  in  quantities  of  10  grams,  was  dissolved  in  75  c.c.  of 
sulphuric  acid,  and  30  grams  of  potassium  persulphate  were  gradually 
added,  the  temperature  being  kept  at  about  30°,  and  after  standing 
for  12  hours  the  orange-brown  liquid  was  poured  into  water, 
and  the  resulting  yellow  precipitate  collected,  washed,  and  well 
drained  on  the  pump.  While  still  moist,  the  product  was  digested 
with  five  times  its  volume  of  boiling  alcohol,  cooled,  and  again 
collected  at  the  pump,  this  process  having  for  its  object  the  removal 
of  a  i-esinous  colouring  matter  readily  soluble  in  the  alcohol.  When 
dry  (2-5  grams),  it  was   now  extracted  twice  with  some  quantity  of 
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boiling  acetic  acid,  and  the  combined  extracts  were  partially- 
evaporated.  On  cooling,  a  semicrystalline  precipitate  A  (0'63  gram) 
separated,  which  was  collected  and  the  filtrate  again  evaporated,  when 
a  second  crop  B  (0-39  gram)  was  deposited. 

The  latter  fraction  (B)  was  readily  acetylated  by  means  of  acetic 
anhydride  and  sulphuric  acid,  and  on  adding  alcohol  to  the  solution 
thus  obtained,  the  product  was  isolated  in  the  form  of  colourless 
crystals.  Examination  showed  that  this  was  a  mixture  of  two 
substances,  one  of  which  could  be  isolated  by  means  of  its  sparing 
solubility  in  acetic  anhydride.  By  repeated  crystallisation  from  this 
solvent,  it  was  obtained  in  beautiful,  colourless  leaflets  melting  at 
269—271°,  the  yield  being  0-16  gram. 

Found,  C  =.  64-41  ;  H  =  2'89.  C^^T[rO^{CJip)  requires  C  =  64-86  ; 
H  =  2-70  per  cent. 

The  substance  was  hydrolysed  by  means  of  sulphuric  acid  in  the 
presence  of  acetic  acid  in  the  usual  way. 

Found,  Cj^HgO^  =  84-45.     Theory  requires  85-81  per  cent. 

The  product  of  the  hydrolysis  crystallised  from  acetic  acid  in 
colourless  needles  melting  at  273 — 276°. 

Found,  C  =  66-1 9;  H  =  2-62.  C^^HgOs  requires  C- 66-14  ;  H  =  2-36 
per  cent. 

This  new  substance,  for  which  the  name  metellagic  acid  is  proposed, 
resembles  catellagic  acid  in  that  at  high  temperatures  it  sublimes 
readily  in  the  form  of  needles.  It  is  soluble  in  boiling  pyridine,  and, 
on  cooling,  this  solution  deposits  long,  coloiirless,  prismatic  needles. 
Sulphuric  acid  dissolves  it  with  a  pale  yellow  coloration,  and  nitric 
acid  on  gentle  warming  with  an  orange-yellow  tint,  and  on  diluting 
this  solution  with  water  a  yellow  precipitate,  probably  consisting  of 
a  nitro-compound,  is  precipitated.  With  caustic  alkaline  solutions,  it 
behaves  similarly  to  catellagic  acid,  giving  a  yellow  liquid,  the  colour 
of  which  is  discharged  on  boiling.  Distilled  with  zinc  dust  in  the 
usual  manner,  a  small  quantity  of  a  crystalline  hydrocarbon  was 
obtained,  which  appeared  to  be  identical  with  fluorene.  It  does  not 
dye  mordanted  calico. 

The  reactions  of  this  substance  are  in  harmony  with  those  required 
by  a  member  of  the  ellagic  acid  series,  and  the  following  formula 
assigned  to  it  is  probably  correct  : 

^0— CO^ 


^    Ico-ol     I 


OH 
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This,  it  will  be  noted,  represents  the  compound  as  being  formed  by 
the  interaction  of  ??i-hydroxybenzoic  acid  and  protocatechuic  acid. 
Although  in  this  case  we  have  no  direct  evidence  of  the  latter 
and  no  catellagic  acid  has  been  isolated  from  the  products  of  this 
reaction;  the  presence  of  the  resinous  colouring  matter  referred 
to  above,  which  dyes  mordanted  fabrics,  is  suggestive  in  this 
respect. 

In  the  mother  liquors  obtained  during  the  purification  of  the 
acetylmetellagic  acid,  a  second  compound  of  this  nature  was  detected. 
This  product  (0"1  gram)  crystallised  in  colourless  needles,  melted  at 
237 — 243°,  and  on  hydrolysis  with  acid  gave  a  substance  crystal- 
lising in  glistening,  yellow  needles. 

A  satisfactory  examination  of  the  principal  substances  which  are 
formed  by  the  oxidation  of  y>t-hydroxybenzoic  acid  has  been  found  to 
present  considerable  difficulty,  for  not  only  are  at  least  five  of  these 
contained  in  the  mixture,  but  the  quantity  in  each  case  is  com- 
paratively small. 

The  reaction  in  this  case  appears  to  proceed  in  a  somewhat  different 
manner  to  that  observed  with  protocatechuic  and  ^>hydroxybenzoic 
acids.  On  the  other  hand  it  is  likely  that  the  principal  products 
thus  obtained  are  related  to  those  which  are  formed  when  gallic  acid 
is  oxidised  in  the  presence  of  concentrated  sulphuric  acid  (see 
below).  Considerable  time  has  been  spent  on  this  portion  of  the 
subject,  and  the  two  following  substances  have  also  been  isolated  :  (a) 
yellow  needles,  which  forms  a  colourless  acetyl  derivative  (m.  p. 
331 — 335°),  and  (b)  yellow  needles,  the  acetyl  derivative  of  which 
melts  at  278 — 280° ;  these  compounds,  which  are  devoid  of  tinctorial 
property,  together  with  the  resinous  colouring  matter  which  dyes 
aluminium  mordanted  calico  an  orange-yellow  shade,  will  be  further 
investigated.  jSTo  substance  of  the  nature  suggested  at  the  com- 
mencement of  this  section  appears  to  have  been  formed. 

Preliminary  experiments  on  the  oxidation  of  salicylic  acid  in  this 
manner  have  been  carried  out,  but  the  product  of  the  reaction,  which 
is  insoluble  in  water,  has  not  yet  been  fully  ^examined  ;  on  the  other 
I  hand,  /3-resorcylic  acid  is  apparently  too  susceptible  to  sulphonation  to 
give  a  satisfactory  result  by  the  present  method.  It  is  anticipated 
that  interesting  results  will  be  obtained  by  the  oxidation  of  molecular 
proportions  of  two  distinct  acids ;  for  instance,  employing  in  this  way 
both  gallic  and  protocatechuic  acids,  it  is  possible  that  the  trihydroxy- 
compound  intermediate  between  ellagic  and  catellagic  acids  would  be 
formed. 

In  view  of  the  possibility  that  ellagitannic  acid  is  derived  from  the 
condensation  of  2  molecules  of  gallotannin  or  is  a  glucoside  of  this  and 
possesses  a  constitution  of  the  nature  of 


^«  /^O.CO-..  ''^ 
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gallotannia  has  been  oxidised  by  this  method,  and  although  no 
definite  result  can  yet  be  announced  there  is  indication  that  the  matter 
is  worthy  of  further  study. 

As  it  now  appears  certain  that  ellagic  acid  has  the  constitution  pre- 
viously discussed,  it  is  worthy  of  note  that  its  dyeing  properties 
are  somewhat  anomalous  in  that  the  carbonyl  group,  when  present  as 
a  portion  of  a  lactone  complex,  is  not  usually  associated  with  this 
characteristic.  On  the  other  hand,  the  diphenyl  linkage  has  probably 
the  effect  of  rendering  these  groups  less  susceptible  to  hydrolysis,  so 
that  a  quinonoid  form  becomes  possible.  It  is  worthy  of  note  that 
gallotannin,  which  appears  to  contain  an  analogous  grouping, 

CO,H  OH 


ohI     I-o-co-I     Ioh' 

OH 

and  does  not  dye  ordinary  mordanted  calico,  will  give  a  bright  yellow 
shade  if  a  titanium  mordant  be  present.  In  this  case,  it  may  be 
considered  that  the  special  mordant  is  able  to  induce  a  quinonoid 
change,  and  further  indicates  that  the  carbonyl  group  when  present  in 
such  a  form  has  a  tendency  to  assume  chromophoric  properties. 

It  was  interesting  to  determine  if  pentahydroxydiphenylmethylolid 
was  possessed  of  tinctorial  properties,  and  experiment  showed  this  was 
the  case.  The  colours  produced  on  woollen  cloth  mordanted  re- 
spectively with  chromium  and  iron  possessed  the  general  character  of 
those  given  by  ellagic  acid  ;  they  were,  however,  considerably  stronger, 
and  with  the  first-named  mordant  a  more  olive  shade  was  thus  developed. 
These  distinctions  are  readily  accounted  for  by  the  fact  that  the 
substance  in  question  is  not  only  much  more  readily  soluble  in  water, 
but  contains  five  hydroxyls,  whereas  in  ellagic  acid  but  four  such 
groups  exist.  Pent  vhydroxydiphenylmethylolid  does  not  appear  to 
possess  tanning  properties,  for  its  warm  aqueous  solution  gave  no 
precipitate  with  gelatin,  and  from  this  result  it  appears  doubtful 
whether  ellagic  acid  can  be  regarded  as  a  tannin  matter  in  the  true 
sense  of  the  word, 
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Addendum, 

When  gallic  acid  dissolved  in  concentrated  sulphuric  acid  is 
oxidised  by  means  of  persulphate  at  about  30^,  a  66  per  cent,  yield  of 
a  crystalline  product  is  obtained  which,  after  purification,  forms  pale 
yellow  needles  identical  in  appearance  with  ellagic  acid.  As  on  distilla- 
tion with  zinc  dust  the  new  compound  gives  a  hydrocarbon  resembling 
fluorene,  on  fusion  with  alkali  pentahydroxydiphenylmethylolid  and 
with  nitric  acid  the  Griessmayer  reaction,  it  was  assumed  to  consist  of 
this  colouring  matter.  An  examination  of  the  colourless  acetyl 
derivative  showed  that  on  hydrolysis  a  yield  of  product  (64"06  per  cent.) 
identical  with  that  expected  from  acetylellagic  acid  was  obtained, 
and,  again,  the  compound  itself  is  possessed  of  feeble  yellow  dyeing 
property.  In  spite  of  these  facts,  it  is,  however,  now  certain  that 
the  two  substances,  although  closely  related,  are  not  identical,  for 
although  ellagic  acid  dissolves  somewhat  readily  in  boiling  pyridine, 
the  substance  in  question  (A)  is  very  sparingly  soluble  in  this  liquid. 
Again  by  the  action  of  boiling  dilute  alkali,  a  new  compound  not  given 
by  ellagic  acid  is  obtained  from  the  latter  ;  this,  which  approximates  in 
formula  to  Cj^Hj^Of,,  crystallises  in  colourless  needles,  dissolves  in 
alkali  with  a  faint  green  coloration  passing  to  bluish-violet  on  oxidation, 
possesses  feeble  dyeing  property,  and  gives  an  acetyl  compound  melting 
at  232 — 234°.  Experiments  to  determine  if  the  substance  in  question 
was  a  mixture  and  contained  ellagic  acid  have  given  a  negative 
result,  although  there  can  be  no  doubt  that  the  colouring  matter  thus 
formed  is  closely  allied  to  this  compound. 

On  the  other  hand,  if  gallic  acid  dissolved  in  sulphuric  acid  dilated 
with  10 — 20  per  cent,  of  water  is  oxidised,  a  second  colouring 
matter  (B)  not  identical  with  the  above  is  produced.  The  composition 
of  this  product  approximates  to  the  formula  Cj^HgOg.  It  has  given  a 
colourless  acetyl  compound  melting  at  310 — 312°,  and  this,  on 
hydrolysis,  yielded  61-78  per  cent,  of  regenerated  substance.  With 
nitric  acid,  the  Griessmayer  coloration  is  readily  formed,  and  on  boiling 
with  dilute  alkali  it  is  converted  into  the  colourless  compound 
mentioned  above  (Cj^Hj^Og  ?),  the  acetyl  derivative  of  which  melts  at 
232 — 234°,  Most  probably  the  colouring  matter  (B)  is  identical  with 
that  described  by  A.  G.  and  F.  M.  Perkin(Proc.,  1905,  21,212)  as  formed 
by  the  electrolytic  oxidation  of  gallic  acid.  The  close  connection 
between  the  substances  A  and  B  and  their  relationship  to  ellagic  acid 
is  very  evident,  and  as  considerable  analytical  and  other  work  has  been 
carried  out  on  this  subject,  it  is  hoped  that  their  constitutions  will 
shortly  be  elucidated. 
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CXLII. — Molecular  Refractions  of  Sortie  Liquid  Mixtures 
of  Constant  Boiling  Point. 

By   Ida   Frances    Homfbay,   B,Sc, 

Unless  some  hypothesis  such  as  the  interesting  but  somewhat  com- 
plicated electrical  one  of  Professor  Armstrong  (PM.  Mag.,  1888,25,  21) 
is  adopted,  the  ordinary  addition  formula,  for  example,  CHg-CHO.HgO, 
fulfils  none  of  the  objects  of  a  chemical  formula,  for  it  indicates 
neither  the  valencies  of  the  elements  contained  nor  the  structure  or 
probable  reactions  of  the  substance. 

The  belief  in  the  extreme  simplicity  and  stability  of  the  molecule 
HgO,  together  with  the  acceptance  of  the  bivalency  of  oxygen  as  an 
axiom,  has  probably  been  responsible  for  the  majority  of  these  indeter- 
minate formulae. 

Considering  that  water  in  the  liquid  state  shows  anomalies  in 
practically  all  its  physical  properties  and  is  so  extraordinarily  active  as 
a  solvent  and  catalytic  agent  both  in  organic  and  inorganic  chemistry, 
it  is  remarkable  how  long  this  belief  has  held  its  ground.  Mixtui-es 
of  liquids  having  a  constant  boiling  point  at  definite  composition, 
either  above  or  below  that  of  the  constituents,  were  generally  classed 
by  their  discoverers  as  molecular  compounds.  In  most  cases  the 
comparatively  recent  complete  investigations  of  the  vapour  pressure 
curves  have  shown  the  purely  physical  nature  of  the  connection 
between  the  various  components  of  the  vapour  phase. 

Another  point  often  overlooked  is  that  the  temperature  limits  of 
most  experimental  work  are  very  narrow.  It  is  evidently  possible  that 
18*^  and  760  mm.  pressure  may  in  some  cases  be  in  the  transition 
region  between  a  perfectly  stable  substance  and  its  products  of  dis- 
sociation. It  will  then  be  impossible  to  isolate  the  substance,  and  the 
conditions  will  be  those  of  an  equilibrium  reaction. 

In  the  present  work  it  was  decided  to  examine  several  simple 
mixtures    of    this   type,    using    exclusively   physical   methods.      All 
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investigations  from  the  chemical  side  are  necessarily  accompanied  by 
the  formation  or  destruction  of  the  substances  concerned,  and  are  con- 
sequently of  a  dynamical  natm-e.  In  order  to  study  a  compound  under 
its  ordinary  conditions,  the  methods  employed  must  be,  as  far  as  possible, 
statical.  The  physical  properties  which  at  present  seem  to  give  the  most 
intimate  insight  into  molecular  structure  and  valency,  are  the  molecular 
refraction  and  the  molecular  magnetic  rotation.  At  present  the  avail- 
able data  are  much  more  numerous  in  the  former  field,  so  that,  as  the 
determination  of  empirical  additive  constants  must  be  made  on 
statistical  lines,  it  seems  probable  that  the  atomic  refractions  are  the 
more  reliable. 

If  the  results  arrived  at  can  be  trusted,  the  method  of  comparison 
between  experimental  and  additive  numbers  offers  an  admirable  com- 
bination of  additive  and  constitutive  properties,  as  the  value  for  each 
element  is  constant  for  the  same  valency  and  method  of  combination, 
but  differs  considerably  when  the  valency  or  type  of  combination 
changes. 

The  following  is  a  list  of  the  visually  accepted  values  for  the  elements 
concerned  in  the  present  work  : 

Element.  6'(Bruhl).  Z*  (Conrady). 

C  2-365  2-501 

H  1-103  1-051 

Hydroxy]  0  1506  1-521 

Ethylcnic  0  1-655  1-683 

Carboxyl  0  2-3S8  2-287 

Double  linking  jf  1-836  1-707 

CI  6-OU  5-998 

For  simplicity,    the   numbers  quoted    below  are  generally  for  the 
D  line,  unless  any  marked  difference  in  the  results  appears. 
The  formula  exclusively  used  is  that  due  to  Lorenz  : 

w^-l   M 
n^  +  2"d' 

As  to  the  value  of  deductions  based  on  molecular  refractions,  much 
discussion  has  ai'isen.  It  seems,  however,  probable  that  many,  if  not 
most,  of  the  wide  discrepancies  between  calculated  and  observed  values 
are  due  partly  to  errors  of  observation  or  calculation,  and  partly  to  the 
imperfection  of  our  knowledge  of  even  apparently  simple  substances, 
these  imperfections  being  often  first  revealed  by  contradictions  in 
molecular  refraction  or  other  physical  properties. 

Under  experimental  errors  must,  of  course,  be  classed  those  due  to 
impure  and,  still  more  often,  imperfectly  dried  material.  An  instance 
of  misleading  calculation  may  be  mentioned  in  connection  with  data, 
which   will   be  found   tabulated   and  recalculated  in  the  sequel,  for 
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mixtiu-es  of  acetone  and  water.  Yan  Aubel  {Compt.  rend.,  1902,  134, 
935),  taking  values  for  density  and  refractive  index  from  Drude's  work 
on  the  dielectric  constants  for  acetone  and  water  i^Zeit.  physikal.  Chem., 
1897,  23,  313),  calculates  the  refractive  index  corresponding  to  each 
observed  density,  assuming  that  the  specific  refractions  of  the  pure 
substances  are  vinaltered  on  mixing.  He  then  compares  the  found  and 
calculated  values,  and  points  out  that  the  discrepancies  far  exceed  experi- 
mental error  of  determination  of  refractive  index,  and  that  consequently 
the  method  is  valueless. 

There  are  two  objections  to  this  calculation  : 

(1)  The  whole  error  of  determination  of  specific  refraction  is  thrown 
on  to  the  refractive  index,  which  was  measured  to  four  places  of 
decimals,  whereas  the  densities  are  only  given  to  three  places,  thus 
leaving  an  uncertainty  greater  than  1  in  1000  on  the  specific  refrac- 
tions. 

(2)  The  assumption  is  tacitly  made  that  no  combination  occurs 
between  acetone  and  water  involving  a  change  of  the  oxygen  atom 
from  the  carbonyl  to  the  hydroxyl  type  and  a  consequent  fall  of 
molecular  refraction.  The  possibility  of  hydrate  formation  is  not  even 
mentioned. 

In  the  course  of  some  work  published  with  Professor  Guye,  "  Tensions 
Superficielles  et  Complexite  Moleculaire  "  {J.  Chim.  Phys.,  1903,  1,  505), 
determinations  of  molecular  refractions  were  incidentally  made.  As 
these  substances  were  exceedingly  pure  liquids,  some  of  them  being 
kindly  lent  by  Professor  Anschiitz,  and  as  the  results  have  never  been 
separately  tabulated,  it  may  be  of  interest  to  quote  the  numbers 
obtained  for  the  whole  series  as  an  indication  of  the  order  of  agreement 
which  may  be  expected,* 

HoMFRAY    AND    GUYE. 


[M.R.]„ 


ob- 

calcu- 

ob- 

calcu- 

served. 

Lited. 

served. 

lated. 

Amyl  formate     

31-70 

31-59 

Valeryl  ethylmalate.     67-29 

67-50 

,,     acetate 

36-19 

36-19 

Caproyl 

72-01 

72-15 

,,      butyrate  

45-26 

45-40 

(Enanthyl 

76-53 

76-75 

.,,     stearate    

110-50 

109-80 

Caprilyl 

81-35 

81-23 

,,      trichloroacetate. 

51-14 

51-03 

Pelargonyl 

8606 

85-96 

Propionyl  ethylmalate 

58-08 

58-34 

Caprinyl 
Ethyl  lactate 

90-38 

90-56 

Butyryl 

62-65 

62-94 

28-52 

28-50 

[M.R.I 


*  The  numbers  found  by  me  for  a  bromomenthyl  ester  prepared  by  Dr.  Smiles,  as 
Avell  as  a  few  quoted  from  a  paper  by  Wassmer  and  Guye  in  the  same  journal,  are 
also  included. 
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U.38 


Wassmer  and  Guye  (/.  Chiin.  Fhi/s.,  1903,  1,  257). 

[M.R.]^  [M.R. 


Propyl  lactate 


rropyi  Jactare    66-m 

isoButyl  ,,  37-76 

tJ„.,4-TTl  K1    .7/1 


Heptyl 
Octyl 


51-74 
56-42 


ob-  calcii- 

served.  lated. 

Acetyl  wybutyl-lactate  40-93  47-27 

Propionyl     ,,         ,,        51-62  51-87 

Butyryl        ,,         ,,        55-86  56-47 

Benzoyl       ,,        ,,        67-75  67*30 


Bromomethyl  meutliylcaiboxyla 


CH3 
(JH 

H./  \H-tO.,-CH.Br,^^;f!7f^-     Calculated. 
HoC        CH.,  * 


CH 


CH3    CII3 


Experimental  Method. 

Refractive  indices  were  determined  by  the  Pulfrich  refractometer, 
as  made  by  Zeiss,  giving  correct  values  to  the  fourth  decimal  place. 
Sodium  light  and  a  Geissler  tube  giving  the  hydrogen  spectrum  were 
used. 

A  ground  glass  plate  with  tubulure  holding  a  cork  and  thermo- 
meter covered  the  cylinder  of  the  refractometer.  Absorption  of 
moisture  and  evaporation  are  thus  reduced  as  far  as  possible,  whilst  at 
the  same  time  the  risk  of  introducing  impui'ities  from  a  cork  nearly 
in  contact  with  the  liquid  is  avoided. 

Densities  were  measured  by  means  of  a  two-limbed  Sprengel  tube 
containing  about  13  c.c,  one  limb  of  which  is  very  narrow  and  has  a 
single  mark,  whilst  the  other  is  wider  and  made  of  a  graduated  picno- 
meter  stem,  the  tube  being  calibrated  with  water  for  a  number  of 
divisions  of  the  stem.  The  bore  was  found  to  be  very  uniform,  and 
the  volume  of  each  division  was  0-0019  c.c. 

A  piece  of  thick-walled  india-rubber  tubing,  fitting  over  the  open 
end  and  closed  with  a  glass  rod,  enabled  the  liquid  to  be  kept 
at  the  mark  in  the  opposite  limb  while  the  reading  in  the  calibrated 
limb  was  taken.  It  also  reduced  absorption  of  moisture  and  evapora- 
tion to  the  minimum.  The  advantage  of  this  arrangement  is  that 
several  readings  can  be  taken  at  slightly  different  temperatures,  and 
the  densities  thus  checked  and  reduced  to  the  exact  temperature  of 
the  refractometer  readings.      The    tube    was   weighed,   all    necessary 
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precautions  being  taken  with  regard  to  moisture  on  the  surface  of 
the  glass  vessel.  Weighings  were  made  to  the  fourth  place  of 
decimals. 

Temperatures  were  read  on  a  limited  range  Anschvitz  thermometer 
graduated  in  tenths  of  a  degree,  and  the  same  thermometer  was  always 
used  for  densities  and  refractometer  readings,  any  error  being  thus  com- 
pensated. This  is  very  important,  as  a  difference  of  one-  or  two-tenths 
of  a  degree  between  the  two  measurements  would  considerably  alter 
the  specific  refraction.  Corrections  for  exj^ansion  of  the  Sprengel  tube 
with  rise  of  temperature  are  negligible,  as  all  the  work  was  carried 
out  at  laboratory  temperature.  The  tube  was  immersed  in  a  large 
beaker  of  water,  the  bulbs  being  well  below  the  surface,  and  the 
temperature  was  kept  constant  for  some  time.  The  temperature  was  then 
slightly  changed  and  a  fresh  reading  taken,  when  equilibrium  was  com- 
plete. The  temperature  of  the  refractometer  reading  was  taken  with 
the  thermometer  well  immersed  in  the  liquid  and  supported  as 
described  above. 

The  special  precautions  required  and  probable  errors  of  observation 
will  be  indicated  separately  for  each  series  of  experiments. 

I.  Acetcddehyde  and   Water,  Formic  Acid  and   Water,  Acetone  and 
Water. 

Acetaldehyde  and   Water. 

The  constitution  of  hydrated  acetaldehyde  has  been  a  good  deal 
discussed,  and,  although  as  long  ago  as  1888  Heyes  {Phil.  Mag., 
1888,  25,  221)  considered  the  question  as  being  practically  settled 
in  favour  of  the  aldehydrol,  yet  more  evidence  seems  desirable.  Since 
Ramsay  and  Young's  paper  in  the  Philosophical  Transactions,  1886, 
very  little  work  appears  to  have  been  done  on  the  subject  except  by 
Dr.  Perkin,  sen.  (Trans.,  1887,  51,  813),  who  determined  the  molecular 
magnetic  rotation  and  decided  in  favour  of  aldehydrol.  At  the  sugges- 
tion of  Sir  William  Ramsay,  other  work  on  this  subject  is  being  carried 
out  in  this  laboratory  by  Mr.  Colles,  who  has  succeeded  in  crystal- 
lising out,  at  low  temperatures,  a  definite  compound  having  the 
composition  CH3-CH(OH)2. 

The  acetaldehyde  used  was  obtained  from  Ivahlbaum,  and  was 
fractionated  until  the  refractive  index  became  consta-nt,  this  being  a 
more  delicate  test  than  constancy  of  boiling  point. 

The  fact  that  the  boiling  point  of  aldehyde  (21°)  was  only 
slightly  above  laboratory  temperature  necessitated  special  precautions 
combined  with  rapidity  of  operation.  The  very  considerable  contrac- 
tion and  warming  on  mixing  with  water,  made  it  necessary  to  free  the 
water   fi-om   air    beforehand    by   boiling     under     reduced    pressure. 
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Otherwise  air  bubbles  were  expelled  from  the  liquid  and  collected 
in  the  Sprengel  tube,  making  readings  impossible.  Dui-ing  mixing, 
the  liquids  were  cooled,  but  all  densities  and  refractive  index  measure- 
ments were  made  at  atmospheric  temperature. 

The  water  was  first  weighed  out  in  a  small  flask  and  the  aldehyde 
then  added  to  about  the  required  amount  and  the  flask  again  weighed. 
The  Sprengel  tube  was  weighed  before  and  after  reading  the  volume, 
"and  the  mean  taken.  The  change  in  weight,  due  to  evaporation, 
was  not  negligible,  but  the  change  of  percentage  composition  is 
inappreciable. 

The  volatility  of  aldehyde  with  the  consequent  difliculty  of 
manipulation  is  certainly  the  chief  source  of  error  in  these  experi- 
ments. 

Specific  refractions. 


P. 

0-00 
15-86 
44-90 
55-03 
60-18 
70-24 
70-90 
85-47 
100  00 


d. 

«u. 

F 

-0° 

0 

9984 

3333 

0 

•0 

1 

0028 

3475 

0 

■4 

0 

9857 

3647 

0 

•4 

0 

9725 

3678 

0 

•0 

0 

9586 

3683 

0 

-6 

0 

9236 

3655 

0 

■4 

0 

9170 

3634 

0 

•6 

0 

8544 

3524 

0 

-0 

0 

7830 

3337 

0 

Calculated 

^ 

from  additive 

ound. 

Calculated. 

Diff. 

values. 

Diff. 

•2062 

_ 

— 

0-2013 

-49 

-2131 

0^2152 

21 

0-2108 

-23 

-2265 

0-2318 

53 

0-2282 

+  17 

•2314 

0-2376 

62 

0-2343 

+  29 

•2350 

0-2405 

55 

0-2374 

+  24 

•2422 

0-2463 

41 

0-2434 

+  12 

-2427 

0-2466 

39 

0-2438 

+  11 

•2534 

0-2550 

16 

0-2525 

-9 

•2632 

— 

— 

0-2612 

-20 

Fouud.  Calculated 

rWater 3-71  3-62 

Molecular  refractions-^  Acetaldehyde 11^58  11*49 

(Aldehydrol      —  14-35 

It  will  be  seen  from  the  above  table  that  neither  density,  refractive 
index,  nor  specific  refraction  retains  its  normal  value  in  the  mixture. 
Both  pure  water  and  pure  acetaldehyde  have  molecular  refractions 
considerably  above  the  additive  values,  a  well-known  fact  which  is 
ascribed  to  molecular  association  in  both  cases.  The  same  is  almost 
always  found  in  associated  compounds  containing  oxygen,  and  is 
probably  connected  with  the  quadrivalency  of  this  element. 

It  is  evidently  possible  that,  on  mixing,  each  liquid  might  cause  the 
complete  dissociation  of  the  other  and  a  consequent  fall  of  specific 
refraction.  This  would,  however,  not  account  for  contraction  or  evolu- 
tion of  heat  on  mixing. 

To  show  the  relation  of  this  possible  effect  to  the  total  effect 
produced,  the  specific  refractions  calculated  from  additive  values, 
molecular  refraction  divided  by  molecular  weight,  are  also  tabulated. 

It  will  be  seen,  however,  that  even  these  values  are  larger  than  those 
observed  at  the  minimum  point. 
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It  may  be  of  interest  to  know  what  sort  of  results  are  obtained  by 
calculating  the  percentage  of  aldehydrol  present,  at  55  per  cent, 
concentration,  as  indicated  by  the  specific  refi  actions. 

Taking  experimental  numbers  for  acetaldehyde  and  water,  and  the 
calculated  for  aldehydrol,  the  following  specific  refractions  are 
obtained:  acetaldehyde  0-2632,  water  0-2062,  aldehydrol  0-2315,  the 
molecular  weights  being  44,  18,  and  62  respectively. 

From  this  it  is  found  that  the  solution  consists  of  about  41  per  cent, 
of  aldehydrol  and  59  per  cent,  of  the  free  components.  Hence,  of  the 
total  aldehyde  present,  about  53  per  cent,  appears  to  be  in  combination 
in  the  form  of  aldehydrol.  The  above  is  a  very  rough  estimate,  still 
it  gives  a  value  which  is  probably  of  the  right  order. 

It  thus  appears  that  the  reaction  does  not  proceed  to  completion  at 
ordinary  temperatures,  the  concentration  of  maximum  combination 
requiring  about  two  molecules  of  water  to  one  of  aldehyde.  Any 
attempt  to  remove  this  extra  molecule  of  water,  except  at  very  low 
temperatures,  can  only  result  in  further  decomposition,  the  equilibrium 
point  being  probably  a  function  of  the  temperature. 

Formic  Acid  and  Water. 

The  formic  acid  used  was  obtained  specially  from  Kahlbaum  and 
was  not  further  purified  ;  its  melting  point  was  -  8°,  agreeing  with 
the  value  given  by  Beilstein.  The  density  was  1-2205  at  20°. 
Landolt  gives  1-2211.  The  difference  is  probably  due  to  my 
specimen  not  being  perfectly  dry,  but  as  mixtures  with  water  were  to 
be  examined,  the  error  is  negligible. 


f. 

d. 

«D. 

Specific  refractions. 

P. 

Found. 

Calculated.       Difl 

0-0 

19-0 

0-9984 

1-3333 

0-2062 



62-7 

19-5 

1-1462 

1-3625 

0-1937 

0-1936 

71-9 

19-7 

1-1635 

1-3652 

0-1922 

0-1918 

100-0 

19-2 

1  -2205     . 

1-3717 

0-1861 

—                — 

There  is  a  considerable  difference  between  the  additive  and 
experimental  values  for  formic  acid  itself.  The  percentage  difference 
is  only  slightly  less  than  that  of  water, 

HCOOH,  8-56,  8-41  ;  diff,  1-8  per  cent, 
H2O,  3-71,  3-63;      „     20 

It  is  found,  from  surface  tension  measurement?,  that  the  coefficients 
of  association  are  of  about  the  same  value  and  very  high  in  both  cases. 
It  appears,  therefore,  that  these  two  characteristics  are  connected,  as 
in  the  case  of  acetaldehyde,  with  the  quadrivalency  of  an  oxygen 
atom. 

No  evidence  of  combination  with  water  is  afforded  by  the  numbers 
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given  in  the  table.  This  is  somewhat  unexpected,  as  orthoformic  acid 
is  known  to  occur  in  some  reactions  and  some  of  its  derivatives  are 
stable.  The  same  result  has,  however,  been  obtained  by  Dr.  Perkin, 
sen.,  for  the  molecular  magnetic  rotations. 

It  must  be  emphasised  that  this  in  no  way  precludes  the  possibility 
of  combination  at  low  temperatures.  In  fact,  Mr.  Colles  has  obtained 
a  compound  having  the  composition  HCOOHjH^O. 

Landolt  {loc.  cit.)  has  measured  both  densities  and  refractive  indices 
of  these  mixtures  and  shows  that  both  follow  a  normal  course.  His 
data  were,  however,  not  in  a  form  from  which  specific  refractions  could 
be  calculated. 

Acetone  and  Water. 

From  analogy  with  the  aldehydrol,  Ctl3*CH(OH).2,  it  seemed  possible 

OH  ^ 

that  evidence  of  a  hydrate  having  the  formula  p-rT^^CXOH)^    might 

be  similarly  obtained.  It  w.is  found,  however,  that  the  necessary 
experimental  work  had  been  carried  out  by  Drude  in  connection  with 
dielectric  constants.  Van  Aubel's  paper  on  the  subject  has  already 
been  discussed  and  the  reasons  given  for  recalculation. 

The  molecular  refraction  of  acetone  agrees  almost  exactly  with  the 
additive  value,  so  that,  on  the  hypothesis  already  mentioned,  there 
should  be  no  as.sociation  of  the  pure  liquid.  This  is  supported  by  the 
evidence  of  surface  tension  measurements. 


llo. 

d. 

d  (calculated). 

Specific  refractions 

P. 

Found. 

Calculated. 

Ditt 

0-0 

1-3335 

0-999 



0-2062 



__ 

25-0 

1-3513 

0  967 

0-938 

0  2233 

0-2241 

8 

50-0 

1-3637 

0-9-24 

0-888 

0-2410 

0-2419 

9 

66-9 

1-3671 

0-888 

0-855 

0-2529 

0-2540 

11 

80-2 

1-3668 

0-854 

0-830 

0-2628 

0-2635 

7 

89-9 

1-3648 

0  827 

0815 

0-2701 

0-2705 

4 

94-9 

1  -3629 

0-813 

0-804 

0-2734 

0-2740 

6 

100-0 

1  -3606 

0-796 

— 

0-2777 

— 

— 

As  there  is  an  uncertainty  of  1  in  1000  in  the  densities,  and  con- 
sequently of  at  least  two  or  three  units  in  the  fourth  place,  on  the 
specific  refractions,  the  numbers  in  the  difference  column  do  not  very 
much  exceed  possible  errors.  Still,  this  is  hardly  enough  to  account 
for  the  maximum  variation,  nor  for  the  fact  that  the  observed  values 
are  always  lower  than  the  calculated,  and  form  a  fairly  regular  series 
with  maximum  at  66  per  cent.  In  connection  w'ith  former  results,  it 
must  logically  be  assumed  that  combination  occurs,  although  only  to 
a  very  small  extent.  Yan  Aubel  has  recently  found  a  number  of 
singular  points  on  the  viscosity  curve  which  are  supposed  to  indicate 
the  existence  of  various  hydrates. 

VOL.    LXXXVII.  5    c 
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If.  A  Supposed  Compound  of  Ethyl  Cyanide  and  Ethyl  Alcohol. 

Gautier  {Ann.  Chim.  Fhys.,  1869,  [iv],  17,  191),  in  a  paper  on 
cyanides  and  isocyanide?,  describes  a  number  of  experiments  made 
with  the  mixture  of  ethyl  cyanide  and  ethyl  alcohol  obtained  in  the 
preparation  of  ethyl  cyanide  by  Pelouze's  method.  Besides  the  fact 
that  a  mixture  of  constant  boiling  point  and  composition  passes  over 
on  distillation,  he  gives  several  other  reasons  for  believing  that  a 
definite  chemical  molecular  compound  is  obtained,   CgHjONjSCoHrPH. 

As  this  subject  does  not  seem  to  have  been  further  investigated, 
Professor  Collie  suggested  to  me  that  a  further  study  might  be  of 
considerable  interest,  and  might  also  elucidate  the  mechanism  of 
cyanide  hydrolysis. 

The  first  object  was  to  decide  as  far  as  possible  whether  actual  com- 
bination does  or  does  not  occur. 

Most  available  qviantitative  tests  required  an  analysis  of  the 
distillates,  and  the  most  satisfactory  method  was  found  to  be  a 
measurement  of  refractive  index,  independent  of  any  theoretical 
results  to  be  obtained  from  specific  or  molecular  refractions. 

A  curve  of  variation  of  refractive  index  with  concentration  was 
therefore  constructed  from  repeated  measurements,  and  from  it  the 
composition  of  any  mixture  could  be  determined  with  sufiicient 
accuracy.  Alcohol  and  ethyl  cyanide  dilfer  so  little  in  their  physical 
properties  that  accurate  analyses  were  not  possible,  but  relia- 
bility was  ensured  by  comparison  of  numerous  independent  measure- 
ments, each  requiring  the  greatest  possible  accuracy  of  reading. 

In  these  experiments,  therefore,  the  chief  sources  of  error  are  the 
small  differences  of  refractive  indices  measured  and  the  extremely 
hygroscopic  nature  of  absolutely  dry  alcohol  and  ethyl  cyanide.  Every 
possible  precaution  was  taken  to  prevent  access  of  moisture,  all 
receivers  being  guarded  during  distillation  with  tubes  containing 
phosphoric  oxide. 

Some  of  the  ethyl  cyanide  used  was  prepared  by  the  dry  distillation 
of  potassium  ethyl  sulphate  and  potassium  cyanide,  and  some  was 
obtained  direct  from  Kahlbaum.  Both  v?ere  purified  and  dried  by 
distilling  repeatedly  from  phosphoric  oxide  and  fractionating  until  the 
refractive  index  remained  unchanged  by  further  treatment,  and  was 
the  same  for  both  samples. 

The  alcohol  was  ordinary  "  absolute,"  supplied  under  Government 
statute,  and  was  fractionated  and  dried  by  boiling  with  lime  and 
repeated  distillation  from  fi^esh  supplies.  This  was  also  continued 
until  the  refractive  index  was  constant.  The  curve  of  refractive 
indices  of  alcohol  and  water,  however,  passes  through  a  maximum 
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i-adually  with  addition  of  water.  The  driest  alcohol 
has,  therefore,  a  lower  refractive  index  than  that  which  is  moist.  This 
fact,  which  may  be  misleading  at  first,  has  been  pointed  out  by  Ledue 
{Compt.  rend.,  1902,  134,  645),  who  has  shown  that  the  specific 
refractions  follow  a  normal  course,  not  indicating  the  presence  of  an 
actual  hydrate.  As  the  first  part  of  the  curve  is  very  steep,  this 
determination  is  an  exceedingly  sensitive  and  rapid  test  of  the  dryness 
of  alcohol. 


Curve  of  Refractive  Indices  of  Mixtures  of  Alcohol  and  Ethyl  Cyanide. 

Mixtures  were  made  by  weighing  in  molecular  proportions,  as  well 
as  a  number  of  other  concentrations  to  complete  the  curve.  Refractive 
indices  were  determined  for  the  C  and  D  spectrum  lines,  and,  in  some 
cases,  for  the  F  line  as  well.  The  most  convenient  numbers  for 
reference  are  the  actual  critical  angles  measured  on  the  refractometer, 
but,  as  these  depend  on  the  particular  prism  used  and  therefore  have 
no  absolute  meaning,  the  refractive  indices  are  also  tabulated.  It  Avill 
be  seen  that  a  difference  of  0°r  I'epresents  a  difference  of  refractive 
index  of  0 "00009,  so  that  readings  should  be  accurate  to  the  fourth 
place. 

It  has  been  found  by  repeated  experiments  that  the  temperature 
coefficient  of  the  critical  angle  for  small  variations  is  the  same  for  all 
mixtures  and  for  the  three  wave-lengths  used.  As  all  readings  have 
been  reduced  to  19°,  the  temj)eratures  are  not  quoted. 

Refractive  Indices  of  Mixtures  of  Ethyl  Cyanide  and  Ethyl  Alcohol. 


Moleciilar 

P. 

ratio. 

'c- 

iz,. 

'f. 

nc. 

«D. 

Wf- 

0 

0 

EtOH 

60°46' 

61°31' 

63^30' 

1-36018 

1-36202 

1-36627 

1 

6 

60  44 

61  29 

— 

1-36047 

1-36220 

— 

6 

8 

60  40 

61  25 

— 

1-36083 

1-36225 

— 

21 

8 

60  36 

61  20 

— 

1-36124 

1-36305 

— 

23 

0 

1  :  4 

60  82 

61  16 

63  14 

1-36156 

1-36336 

1-36765 

26 

2 

60  32-5 

61  16-5 



1-36151 

1-36332 

— 

28 

5 

1  :3 

60  29 

61  14 

63  10 

1-36183 

1-36354 

1-36797 

35 

3 

60  28 

61  12 

— 

1-36192 

1-36372 

— 

37 

4 

1  :2 

60  25 

61  10 

63  7 

1  36220 

1-36396 

1-36823 

54 

5 

1  :  1 

60  18 

61  2 

62  58 

1-36283 

1-36462 

1  -36900 

70 

5 

2  :  1 

60  11 

60  55 

62  50 

1-36348 

1-36525 

1-36970 

87 

5 

60  5 

60  48 

— 

1-36403 

1-36589 

— 

91 

7 

60  2 

60  47 

— 

1-36430 

1-36598 

— 

100 

0 

EtCN 

59  56 

60  42 

62  35 

1-36486 

1-36644 

1-37100 

The  results,  when  plotted  on  a  very  open  scale,  1  inch  to  0  001  of 
refractive  index,  showed  no  considerable  deviation  from  a  straight  line 
curve,  the  only  conspicuous  deviations  being  below  10  and  above 
90  per  cent.,  and  not  in  the  region  of  the  mixture  of  constant  boiling 

5  C  2 
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point  (28"5  per  cent.).  In  the  case  of  other  mixtures  where  combina- 
tion is  indicated,  for  example,  aldehyde  and  water,  the  curve  obtained 
deviates  widely  from  the  straight  line.  This  effect  in  the  refractive 
index  curve  usually  accompanies  a  variation  in  the  specific  refraction, 
but,  as  has  been  mentioned  in  the  case  of  alcohol  and  water,  the 
converse  is  not  necessarily  true. 

As  these  preliminary  measurements  seemed  to  point  to  a  negative 
conclusion,  it  was  considered  advisable  to  make  use  of  a  number 
of  different  physical  methods,  especially  as,  in  this  case,  the  change  of 
specific  and  molecular  refraction  to  be  expected  if  combination  occurs 
is,  a  priori,  not  evident. 

The  tests  applied,  besides  the  evidence  already  derived  from  the 
refractive  index  curve,  were  : 

(1)  Whether  the  distillate  from  different  mixtures  has  always  the 
same  composition,  and  whether  that  composition  is  in  molecular  ratio, 
one  molecule  of  ethyl  cyanide  to  three  of  alcohol. 

(2)  Whether  the  distillate  has  the  same  composition  when  the 
temperature  and  pressure  of  distillation  are  changed. 

(3)  Whether  the  mixture  of  constant  composition  distils  unchanged 
from  calcium  chloride  (Gautier's  statement). 

(4)  Comparison  of  densities  of  the  pure  liquids  and  of  the  mixture 
of  constant  boiling  point. 

(5)  Specific  and  molecular  refractions  of  the  liquids  mentioned 
in  (4). 

(6)  Cryoscopie  molecular  weight  determinations  of  the  pure  liquids 
and  of  the  mixture  in  benzene  solution. 

(1)  Several  of  the  mixtures  already  made  were  separately  distilled, 
using  a  long  still-head  and  Young's  column. 

Fractions  boiling  constantly  at  77'2°  came  over  in  each  case  and 
were  separately  collected  and  examined.  All  gave  the  same  refi'acto- 
meter  readings  for  the  three  spectrum  lines,  none  varying  by  more 
than  0°r.  These  fractions  were  then  put  together  and  refractionated. 
The  same  values  were  again  recovered. 

C.  D.  F. 

60°30'  6ri5'  63°11' 

whereas  60°29'  61°14'  63°10'      were  found 

before  for  the  mixture  of  molecular  composition  1  :  3. 

The  composition  of  the  distillate  is  therefore  almost  exactly  that 
given  by  Gautier. 

(2)  A  considerable  quantity  of  the  refractionated  mixture  was  next 
distilled  under  a  series  of  different  reduced  pressures,  using,  as  before, 
a  long  still-head.     The  pressures  were  read  on  a  mercury  manometer. 
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one  additional  pressure  above  760  mm.  being  obtained  by  distilling 
into  a  closed  receiver  up  to  a  temperature  of  81°.  In  this  case,  no 
measurement  of  pressure  was  attempted. 

The  refractometer  readings  for  this  .--eries  were  : 


11  {mm.). 

C. 

D. 

F. 

P 

approx.) 

760 

60°30' 

61°15' 

63°11' 

27-5 

•200 

60  29-5 

61  14-5 

— 

28  0 

100 

60  27 

61  12 

— 

35  5 

45 

60  26 

61  11 

63    7 

38-0 

above  760 

60  31 -5 

61  16-5 

— 

25-0 

This  table  shows  a  very  marked  variation  of  composition  with  pres- 
sure of  distillation.  Also  in  i  he  last  experiment  under  higher  pres- 
sure, the  difference  is  in  the  opposite  direction,  showing  that  we  are 
not  dealing  with  any  accidental  change,  such  as  absorption  of  moisture 
or  impurities  introduced  during  the  experiment. 

The  lower  the  temperatiire  and  pressure  of  distillation,  the  higher  is 
the  percentage  of  cyanide  in  the  distillate.  Therefore,  the  partial 
pressure  of  the  alcohol  in  the  mixture  appears  to  change  more  rapidly 
with  temperature  than  that  of  the  cyanide.  This  is  in  accordance 
with  the  obseived  fact  that  at  the  ordinary  temperature  pure  cyanide  is 
more  volatile  than  pure  alcohol,  although  its  boiling  point  is  19° 
higher. 

The  somewhat  similar  case  of  propyl  alcohol  was  investigated  by 
Konowaloff  {Wied.  Ann.,  1881,  14,  34),  and  afterwards,  more 
exhaustively,  by  Ramsay  and  Young  {Phil.  Trans.,  1889  A,  180,  137). 
The  boiling  points  are  :  propyl  alcohol,  97*4°;  water,  100",  mixture, 
87*7°.  In  both  c.ises  we  are  proVjably  dealing  not  with  a  chemical 
compound  but  wiih  a  mixture.  It  may  be  noted  that,  in  the  latter 
case  also,  reduction  of  pressure  increases  the  concentration  in  the 
distillate  of  the  substance  of  higher  boiling  point,  that  is,  water. 

(3)  Grautier's  experiment  of  distilling  from  calcium  chloride  was 
tried,  the  separate  fractions  being  collected  and  examined.  Whether 
his  conditions  were  or  were  not  exactly  repeated,  it  is  impossible  to 
say,  as  he  gives  no  details,  but  it  was  certainly  not  found  possible,  in 
the  first  fractions,  to  recover  the  original  mixture. 


No.  of  fraction. 

C. 

D. 

P  (approx. 

1 

60°24' 

er  9' 

40 

2 

60  27 

61  11 

35 

3 

60  34 

61  19 

22 

4 

60  29 

6114 

29 

The  fi.rst  fractions  contain,  as  was  to  be  expected,  more  cyanide,  and 
the  third  more  alcohol.  The  last  seems  to  have  neai'ly  the  original 
composition,  but  as  a  very  small  quantity  remained,  there  may  have 
been  some  uncertainty  of  reading. 
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(4)  Owing  to  the  difficulty  of  preventing  absoi'ption  of  moisture, 
only  the  densities  of  the  pure  liquids  and  of  the  mixture  of  constant 
boiling  point  were  determined. 

Densities  of  ethyl  cyanide  corrected  for  displacement  and  tempera- 
ture were,  0-7828  at  19-7°,  0-7825  at  20-0°,  0-7816  at  20-9°. 

The  numbers  given  above  agree  with  those  of  Ramsay  and  Shields. 
The  density  of  alcohol  was  0-7895  at  20°,  which  is  identical  with  that 
given  by  Mendeleef  for  perfectly  dry  alcohol. 

The  density  of  the  mixture  of  constant  boiling  point  is  0-7879  at 
20°,  the  calculated  value  being  0-7876. 

There  is,  therefore,  no  considerable  change  of  volume  on  mixing  in 
the  proportions  of  the  supposed  compound. 

(5)  The  specific  and  molecular  refractions  were  next  calculated  from 
the  data  already  to  hand. 

Alolecular  refraction. 

Specific  refraction.  Found.  Calculated  additively. 

Ethyl  cyanide  0-2863  15-75  15-76 

Alcohol 0-2802  12-89  12-83 

Mixture     0-2823  54-48  54  25 

Calculated  from  components  0-28-20  54-42 

This  evidence  is,  therefore,  also  against  the  hypothesis  of  a  chemical 
compound,  the  calculated  and  observed  values  for  the  mixture 
agreeing  very  well.  We  are  therefore  evidently  dealing  with  a  case 
of  two  mutually  soluble  liquids  having  a  maximum  vapour  pressure. 
The  osmotic  pressure  of  each  solute  lowers  the  vapour  pressure  of  its 
solvent,  but,  as  this  effect  diminishes  in  each  case  with  concentration, 
it  reaches  a  minimum  value  at  a  certain  point  of  the  curve.  This  is 
the  boiling  point  of  constant, composition.  In  such  cases  it  is  to  be 
expected  that  a  parallel  effect  should  be  observed  in  the  freezing  point 
curve. 

(6)  Cryoscopic  determinitions  of  molecular  weight  m  one  per  cent, 
benzene  solution  gave  the  following  numbers  : 

Ethyl  cyanide   54-3  calculated                               55 

Ethylalcohol    58-9  „                                      46 

„  „  /uncombined    48 

M^^t^^'"^ ^^S  "          (combined      193 

Deduced  from  observed  values    58 

Both  pure  alcohol  and  the  mixture  of  constant  boiling  point  give 
abnormal  cryoscopic  results.  In  the  former  case,  this  is  well  known 
and  has  generally  been  attributed  to  molecular  association.  It  seems, 
however,  improbable  that  this  should  persist  in  such  dilute  solutions. 
Ethyl  cyanide  is,  from  other  physical  evidence,  even  more  associated 
in  the  liquid  state  than  alcohol,  and  it  is  therefore  remarkable  that 
its  cryoscopic  behaviour  is  normal  at  the  same  concentration. 
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Young  has  shown  that  alcohol  and  benzene  distil  with  constant 
composition  at  68*2°,  and  has  made  use  of  this  in  his  method  of 
purification  of  alcohol  (Trans.,  1902,  81,  707). 

The  abnormally  small  depression  of  freezing  point  observed  may, 
therefore,  be  more  reasonably  attributed,  in  both  cases,  to  a  mutual 
reduction  of  osmotic  pressure  of  the  two  liquids  connected  with  the 
maximum  of  vapour  pressure.  This  effect  may  account  for  many 
unexplained  results  which  have  been  observed  for  the  freezing  points 
of  solutions  of  liquids. 

If  this  explanation  is  rejected  in  favour  of  the  association  theory, 
the  above  results  indicate  a  trace  of  combination  between  alcohol  and 
cyanide,  even  in  solution.  As  has  been  already  shown,  this  is  not 
supported  by  any  other  evidence  brought  forward  in  this  com- 
munication. 

UxiVEKsiTY  College, 
London. 


CXLIII. — Molecular  Refractions  of  Dimethylpyrone  and 

its  Allies  and  the  Quadrivalency  of  Oxygen. 

By  Ida  Frances  Homfkay,  B.Sc. 

A  COMPARISON  of  the  results  of  determinations  of  molecular  refractions 
by  various  exjjerimenters  shows  that  liqviids  which  appear,  from 
surface  tension  and  other  evidence,  to  be  associated,  give,  as  a  rule, 
values  higher  than  those  calculated  from  the  usual  additive  numbers. 

Attention  has  already  been  drawn  to  these  divergencies  in  the 
foregoing  paper.  All  these  substances  contain  oxygen  and  it  has  been 
pointed  out  that  their  association  formulae  probably  involve  the 
quadrivalency  of  that  element.  This  circumstance  has  also  been 
demonstrated,  by  Briihl  for  water,  hydrogen  peroxide,  and  carbon 
monoxide. 

The  increase  of  atomic  refraction  with  increased  valency,  is  in 
accordance  with  other  facts  which  tend  to  show  that  the  effective 
volume  occupied  by  an  atom  and  obstructing  the  passage  of  light  is, 
in  general,  greater  the  less  close  and  stable  the  connection  between  it 
and  the  other  atoms  of  the  same  molecule.  A  double  binding  between 
two  carbon  atoms  produces  an  increase  of  1'7  in  the  molecular 
refraction  of  a  compound.  A  similar  allowance  has  also  to  be  made  in 
calculating  molecular  volumes  as  well  as  other  physical  additive 
properties. 

Now  it  certainly  cannot  be  assumed  that  a  closer  connection  exists 
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between  the  doubly-  or  trebly-bound  carbon  atoms,  as  would  appear 
from  the  ordinary  method  of  di-awing  the  tetrahedra.  In  fact,  how- 
ever we  may  express  it,  the  relation  is  better  described  by  Collie's 
modification,  where  the  points  of  attraction  between  the  tetrahedra  are 
at  the  centres  and  not  at  the  apices  of  the  equilateral  triangles. 
The  singly- bound  carbon  atoms  there  have  their  bases  coinciding 
and  the  doubly-bound  ones  have  one  edge  of  one  coinciding  with 
one  edge  of  the  other.  The  two  thus  have,  in  the  second  case, 
a  degree  of  freedom  of  intramolecular  vibration  and  so  are 
able  effectively  to  occupy  more  space  than  the  singly-bound  pair. 
On  this  assvimption  the  specific  refraction  of  the  molecule  should 
diminish  as  the  connection  between  its  atoms  becomes  more  rigid.  If 
the  possible  quadrivalency  of  oxygen  be  admitted,  the  same  reasoning 
would  hold  for  it  as  for  the  carbon  atom.  In  order  that  such  intra- 
molecular vibrations  nhould  affect  the  refractive  index,  their  frequency 
must  be  of  the  same  order  as  that  of  the  vibrations  of  the  visible 
spectrum.  It  has  long  been  known  that  some  substances  selectively 
absorb  certain  light  rays  in  the  ultra-violet,  and  it  now  seear.s  probable 
that  this  is  due  to  coincidence  of  period  with  certain  intramolecular 
vibrations.  It  will  be  seen  in  the  sequel  that  several  of  the  compounds 
studied  give  evidence  of  such  vibrations  in  their  molecular  refractions, 
and  in  all  these  cases  absorption  bands  have  been  observed.  It  there- 
fore seems  probable  that  a  definite  connection  can  be  ti"a:ed  between 
abnormal  refractive  index  and  selective  absorption. 

The  question  of  the  quadrivalency  of  oxygen  is  of  such  wide  interest 
both  for  organic  and  inorganic  chemistry  that  a  determination  of  the 
atomic  refraction  of  the  quadrivalent  oxygen  atom  would  be  most 
useful  if  it  can  be  shown  to  have  a  fairly  constant  value  through 
different  series  of  compounds. 

Briihl's  determinations  were  made  with  water,  hydrogen  peroxide, 
and  cai'bon  monoxide,  and  in  all  these  cases  we  find  that  the  atomic 
refraction  is  greater  than  its  highest  accepted  value,  namely, 
2-28. 

Apart,  however,  from  the  isolated  character  of  these  measurements, 
the  two  first  substances  cannot  be  considered  to  be  homogeneous. 
Water  cei'taiuly  consists  partly  of  associated  and  partly  of  single 
molecules,  and  we  have  no  means  of  finding  this  ratio  nor  of  knowing 
how  many  single  molecules  combine  to  form  the  associated  ones.  A 
definite  value  for  quadrivalent  oxygen  can  therefore  not  be  obtained 
from  w.  ter.  In  the  case  of  pure  hydrogen  peroxide,  it  is  improbable 
that  a  perfectly  pure  and  homogeneous  liquid  was  obtained,  also  the 
molecule  is  in  such  an  unstable  condition  that  physical  constants 
derived  from  it  cannot  be  considered  as  being  entirely  satisfactory. 
It   will  be  seen   that   the   value   found   from   the  experiments  here 
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described  agrees  very  closely  with  that  found  by  Briihl  from  carbon 
monoxide,  which  he  writes  CIO. 

Friedel's  compound  of  methyl  ether  ar  d  hydrochloric  acid  [Bull.  Soc. 
chim.,  1875,  [ii],  24,  160)  should  give  a  definite  value,  but  its  boiling 
point  is  —2°,  which  practically  precludes  the  measurement  of  its 
refractive  index  in  the  ordinary  manner.  The  same  may  be  said  of  the 
compound  of  t  thylene  oxide  and  water  instanced  by  Collie  and  Tickle 
(Trans.,  1899,  75,  715)  as  having  probably  a  formula  involving 
quadrivalent  oxygen. 

The  required  conditions  seem,  however,  to  be  fulfilled  by  a  number 
of  substances  derived  from  and  allied  to  dimethylpyrone.  These  com- 
pounds, which  are  all  crystalline  .'-olids,  easily  purified  and  perfectly 
stable  in  the  pure  state,  contain  a  six-memberc  d  ring,  of  which  five 
atoms  nre  carbon  and  one  oxygen.  This  atom  is  therefore  in  a  position 
which  should  tend  to  make  it  show  its  additional  valencies. 

Collie  {loG.  cit.)  has  giv.  n  reasons  for  assuming  the  oxygen  atom  to 
be  quadrivalent.  Although  as  stable  as  a  benzene  compound,  dimethyl- 
pyrone unites  directly  with  water,  alcohol,  hydrochloric  and  other  acids, 
and  with  caustic  soda  and  sodium  ethoxide,  forming  quite  distinct  and 
well-defined  compounds,  and  all  their  reactions  tend  to  show  that  these 
pi'oducts  exist  as  a  direct  consequence  of  the  latei't  valencies  of 
oxygen. 

There  is,  of  course,  the  necessary  attendant  ditficulty  that  all  measure- 
ments must  be  made  with  solutions,  and,  in  most  cases,  the  solubility 
does  not  admit  of  a  concentration  of  more  than  about  ten  per  cent., 
and  often  much  less.  The  effect  of  every  error  of  measurement  on  the 
specific  refraction  of  the  substance  is  therefore  proportionately 
magnified. 

The  apparatus  used  and  expeiiraental  methods  are  the  same  as  those 
described  in  the  preceding  paper.  The  conditions  are,  however, 
differetit,  especially  in  regard  to  the  purely  experimental  errors  to  be 
expected.  A  number  of  determinations  for  each  substance  were 
required,  partly  to  compens'ate  errors  and  partly  to  ascertain  whether 
the  concentration  or  nature  of  the  solvent  affects  the  values  obtained 
for  the  solute. 

From  consideration  of  all  factors,  it  has  been  calculate;!  that  the 
errors  amount  to 

1  in  6000  on     ^    =    0-016  per  cent. 

and 

1   „  8000  „  densities  =    0-013 
the  total   being  about  0-03  per  cent,    on   both   solvent   and   solution 
separately. 

For  a  ten  per  cent,  solutipn,  therefore,  t^he  uncertaiuty  should  not 
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exceed  one  per  cent.,  but  may  be  somewhat  greater  for  less  concentra- 
tions. It  will  be  seen  that  the  actual  agreement  is,  as  a  rule,  better  than 
this,  and  is  therefore  sufficient,  as  the  agreement  between  additive  and 
experimental  numbers  for  pure  liquids  is  usually  not  of  a  higher 
order. 

In  the  case  of  solutions  in  different  solvents,  it  is  important  to  be 
able  to  decide  how  far  differences  of  result  are  due  to  inevitable  error, 
and  how  far  they  must  be  attributed  to  specific  effect  of  the  solvent. 

Percentages  are  always  given  in  parts  by  weight  of  solute  in 
100  grams  of  solvent  (not  of  solution)  to  simplify  the  calculations. 
Lorenz's  formula  has  been  used  exclusively,  and  speciBc  refractions  for 
the  solute  are  found  from  the  formula 

^  ^    (100+;.)i\r^-100i\r^ 

where  N-^  and  N^  are  the  specific  refractions  of  solution  and  solvent 
respectively. 

As  alcohol,  benzene,  and  chloroform  are  all  very  hygroscopic,  they 
were  not  completely  dehydrated  when  used  as  solvents  except  in 
special  circumstances.  Their  specific  refractions  were  redetermined 
frequently  and  the  differences  between  values  given  for  the  same 
solvent  are  due  to  differences  of  moisture.  In  every  case  pure 
solvents  only  were  used  and  these  were  refractionated,  leaving  only  a 
trace  of  moisture  as  an  impurity. 

In  refractive  index  measurements,  a  Geissler  tube  containing 
hydrogen  and  helium  was  used  and  a  large  number  of  different 
spectrum  lines  was  read. 

The  results  of  these  measurements  will  be  subsequently  published. 
The  Z>3  line  of  helium  coincides  so  nearly  with  the  D^  line  of  sodium 
that  the  small  difference  is  quite  compensated  between  the  solution 
and  the  solvent. 

The  correction  for  displacement  of  air  in  density  measurements  is 
unnecessary  in  the  case  of  solutions,  the  difference  of  density  between 
solvent  and  solution  being  small.  Where,  however,  the  values  for 
pure  liquids  were  compared  with  those  of  other  observers,  the  follow- 
ing convenient  approximation  formula  was  used, 

i>  =  Z)Q  +  0'0012(l-i)o), 

where  D^  is  the  uncorrected  density. 

Of  the  compounds  examined,  pyrone  has  been  already  investigated 
by  Bruhl  in  the  melted  state,  whereas  here  all  measurements  have 
been  made  on  the  solution.  The  formulse  and  reactions  of  the  other 
compounds  have  all  been  much  discussed  by  Feist,  Claisen,  and  Collie, 


DIMETHYLPYRONE    AND   ITS    ALLIES. 


1447 


but  the  subject  has  been  attacked  solely  from  the  point  of  view  of 
organic  chemistry  and  no  physical  measurements  have  been  made. 

In  the  succeeding  tables,  the  experimental  data  are  completely  given 
for  the  C  and   D   spectrum   lines.      Densities  refer  to   water  at   4°. 

n2  -  1      1 


Specific  refractions  of  the  solutions  are  given  under 


^,  specific 


71"  + '2.        (P 

refractions  of  the  solute  under  [S.  R.],  and  molecular  refractions  under 
[M.  R.]. 

It  will  be  seen  that,  in  all  cases,  the  experimental  numbers  are 
much  greater  than  the  additive  and  are  of  a  diiferent  order  of 
magnitude  from  the  discrepancies  between  the  values  for  individual 
substances,  either  in  the  same  or  in  different  solvents.  From  the 
point  of  view,  therefore,  of  molecular  i-efractions,  a  modification  of 
the  formulfe  is  required.  From  the  chemical  standpoint,  this  has  also 
been  shown  by  Collie.  The  formulae  adopted  here  are  all  supported 
by  chemical  evidence  and  are  considered  by  Collie  to  be  those 
representing  best  the  reactions  of,  and  relations  between,  the 
compounds  concerned.  The  atomic  refraction  of  quadrivalent  oxygen, 
being  unknown,  is  found  by  subtraction  in  each  case. 

For  simplicity,  the  values  for  the  D  spectrum  line  only  are  discussed, 
those  for  the  C  line  beinsf  also  tabulated. 


(1)  Dimethylpyrone. 

This  compound  was  prepared  from  pure  dehydracetic  acid  by  the 
ordinary  method  and  purified  by  repeated  crystallisation  from  absolute 
alcohol  until  all  colour  had  been  removed  ;  it  was  then  dried  and  kept 
in  a  desiccator.  Two  preparations  were  employed  so  as  to  check  the 
results. 


[In  water.) 


p.       1 

d. 

(0)  (19 

0)  (0-9984)  (1- 

1-04  19 

0 

0-9998 

1- 

2-00  19 

3 

1-0008 

1- 

5-00  18 

2 

1  -0045 

1- 

8-06  18 

6 

1-0080 

1- 

24-95  19 

0 

1-0252 

1- 

6-50  19 

6 

1-0062 

20-35  18 

8 

1  -0209 

1- 

20-45  18 

8 

1  0244 

1- 

3315)        (0-20512) 

0-2060    0-2870 

0-2067 

0-2088 

0-2109 

0  2201 


1    1 


}l2+5 


^^JS.R]„.  [M.R.]^.[M.R.]„. 


3334 
3350 
3403 

3454 


0-2835 
0-2824 
0-2827 
0-2800 


3632 

3678 


0-2179 
0-2196 


0-2807 
0-2813 


(1-3333)   (0-20617) 

1-3352  0-2070  0-2874  35-60  35-64 

1-3369  0-2077  02841  35-15  35-23 

1-34-22  0-2099  0-2854  35-02  35  39 

1-3474  0-2121  0-2856  35-03  35-4 

1-3713  0-2222  0-2862  34-71  35-49 

1-3446  0-2109  0-2834  —  35-14 

1-3656  0  2192  0-2834  34-81  35-14 

1-3702  0-2209  0"2838  34-88  35-19 


{In  alcohol.) 

(0)  (19-4)  (0-7908)  (1-3599)   (0-27901)   (1-3615)   (0-28011) 
11-57  18-6  0-8170  1-3718  0-2793  0-2816  1-3756  0-2806  0-2852  34- 


(Mean)    35-07   35- 

Calculated  from  ordinary  formulae..     32-54   33- 
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The  differences  between  measurements  are  well  within  experimental 
error  for  the  aqueous  solutions,  and  the  value  from  an  alcoholic 
solution  is  practically  equal  to  the  mean  of  these. 

The  ordinary  formula  is 

O 


CH„-C      C-CHg 
HC      CH 


C 

o 

and  the  difference  between  the  additive  value  derived  from  this  and 
the  mean  of  the  observations  is  2 '04  for  the  D  spectrum  line.  But 
writing  the  formula 

O 

CH.-C    I   C-CHo 

HC  y  CH 

\\/ 
C 

and  deriving  the  value  of  quadrivalent  oxygen  by  subtraction,  the 
atomic  refraction  is  here  equal  to  2-65.  The  evidence  against  the 
occurrence  of  the  group  CO  in  diraethylpyrone  seems  conclusive,  for  it 
shows  none  of  the  characteristic  reactions  such  as  the  condensation 
with  phenylhydrazine  or  with  h}  drox\  lamine  (compare  Collie  and 
Tickle,  Trans.,  1899,  75,  710). 

(2)  Bimethylpyrone  Hydrochloride,  CyHgOg.HCl.     M.  W.  160-5. 

This  salt,  which  was  prepared  by  boiling  pure  dimethylpyrone  with 
strong  hydrochloric  acid,  was  several  times  recr)  stallibod  from  water 
and  well  dried  at  the  pump.  In  this  state  it  contains  two  molecules 
of  wa+er  of  crystallisation.  A  second  series  of  measurements  was 
made  with  the  anhydrous  salt  obtained  by  leaving  the  hydrated 
crystals  in  a  vacuum  desiccator  over  sulphuric  acid  until  the  weight 
became  constant.  The  last  traces  of  water  are  very  slowly  removed 
and  the  residue  is  very  hygroscopic. 

The  hydi-ated  salt  was  dissolved  in  water  and  in  alcohol  for  the  first 
experiments,  the  dehydrated  salt  in  specially  dried  alcohol. 
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Crystallised  loitJi  2H.,0  (wt  alcohol). 


p  t\  d. 


'■       n'i+2     d' 

15-04     19-0     0-S342     1-3779    0-2762  0-2585    1-3796  0-2775  0"2604    50-80  51-21 

7  -38  7  -42 

*43 -42*43 -79 
{In  water.) 

13-85  19-0  1-0199  1-3510  0-2115  0-2575  1-3529  0-2126  0-2589  50-60  50-91 

7-38  7-42 


Dehydrated  (in  dry  alcohol). 


M3-22  *43-49 


(0-0)  (20-2)  (0-7893)  (1-3593)       (0-27916)       (1-3610)      (0-28032) 

7-42     20-2     0-8136     1-3707    0-2785  0-2696    1-3727  0-2797  0-2725  *43-28  *43-73 

Mean 43-31    43-67 

*  These  numbers  are  comparable  and  represent  the  anhydrous  hydrochloride. 

It  -will  be  seen  that,  sabtracting  the  usually  found  molecular  refrac- 
tion of  water  from  the  values  observed  for  the  crystallised  specimens, 
we  get  a  very  good  agreement  with  that  for  the  anhydrous  specimen. 
It  has  been  shown  by  Kellas  that  some  electrical  dissociation  of  this 
salt  occurs  besides  the  separation  of  a  small  amount  of  hydrogen 
chloride  by  hydrolysis.  The  latter  effect  accounts  for  the  somewhat 
lower  value  found  for  the  molecular  refraction  in  aqueous  solution. 
The  number  obtained  by  addition  of  the  observed  molecular  refrac- 
tions of  dimethylpyrone  and  hydrochloric  acid  is  still  considerably 
below  that  found  for  the  salt.  But,  allowing  for  the  quadrivalency  of 
both  oxygen  atoms  in  the  formula 

0 

CHg-C    I    C-CH, 

"^     I  HOCl  II  "^  , 

HC    I    CH 

w/ 

c 

each  quadi'ivalent  oxygen  has  an  atomic  refraction  of  the  value  2-79. 

(3)  Compound  of  Dimethylpyrone  and  Alcohol. 

This  curious  compound  was  prepared,  as  described  by  Collie  {loc. 
cit.),  from  dimethylpyrone  with  sodium  ethoxide  in  dry  alcohol.  On 
cooling,  the  whole  mixture  becomes  a  mass  of  yellow  crystals  having 
the  composition  C^HgOg.NaO-C^Hg.  After  filtering  and  freeing  from 
alcohol  at  the  pump,  the  sodium  salt  is  dissolved  in  water  and  neutral- 
ised with    hydrochloric   acid.     White   crystals   of  the    required   salt 
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sej^ai-ate  out.  During  the  first  reaction,  any  trace  of  water  present 
produces  diacetylacetone,  and  if  the  process  is  not  very  carefully  con- 
ducted, none  of  the  alcohol  compound  is  obtained.  The  product,  which 
is  a  definite  substance,  is  recrystallised  from  ligroin  or  benzene  ;  it 
gives  a  blue  colovir  with  ferric  chloride,  and  has  a  peculiar  and  very 
persistent  smell  resembling  anisole.  It  melts  at  50°,  solidifies  again 
unchanged,  and  is  very  volatile.  Measurements  of  refractive  con- 
stants were  made  in  alcohol,  benzene,  and  specially  dried  benzene.  It 
was  found  difiicult  to  obtain  very  concordant  results  with  this  sub- 
stance, so  that  a  considerable  number  of  measurements  was  required. 


{In  alcohol.) 


[S.R.], 


P.         e.         d.  n,.     -^1.^ 

(0-0)  (19-4)  (07908)  (1-3599)   (0-27901) 

609  19-0  0-8030  1-3679  0-2803  03015 

7-41  17  0  0-8062  1-3702  0-2807  0-3041 


n'i-l    1 
'  "■  ^^2  ■  d 
;i-3615)   (0-28016) 
1-3700  0-2817  0-3064  51-26 
1-3783  0-2821  03092  51-70 


[SR.Ji,-  [M.R.]c.[M.R.], 


52-00 
52-46 


(0-0)  (18-2)  (0-8803) 

6-33  18-1  0-8873 

4-06  18-1  0-8883 

6-44  18-6  0-8884 


1  -4993 
1-4987 
1-4990 


{In  benzene 

(0-33268)  (1 
0-3309  0-3033  1 
0-3315  0-3017  1 
0-3305  0-2973  1 


■5023)   (0-33531) 
5042  0-3337  0-3077 
■5035  0-3342  0-3061 
■5039  0-3333  0-3024 


51-56  52-31 
51-29  52-04 
50-54  51-42 


(In  dried  benzene.) 


(0-0)  (18-9)  (0-8796)  (1-4969)       (0-33264)       (1-5015)       (0-33523) 

8-53     19-1     0-8894     1-4988    0-3300  0-3003    1-5037  0-3327  0-3085  51-06  51-60 

7-37     18-7     0-8884     1-4993    0-3307  0-3045    1-5041  0-3334  0-3081  5r76  52-38 

.Mean  51-31  52-05 

Calculated  for  observed  values  lor 

dimetliylpyrone  +  alcohol    47-90  48-22 


The  differences  from  the  mean  are  not  very  great,  and  the  lowest 
values  are  probably  accounted  for  by  the  loss  of  a  little  alcohol  after 
standing  for  some  time  in  the  desiccator.  The  mean  is  probably  not 
far  from  the  correct  number. 

The  distance  from  the  additive  value  for  a  simple  addition  of  alcohol 
and  dimetliylpyrone  is,  however,  3-83,  and  therefore  far  beyond  experi- 
mental error.  Assuming  two  or  three  oxygen  atoms  to  be  quadri- 
valent, two  closely  allied  formulse  are  possible  : 


0 

^\        ! 

CHg-C       C-CHs  Q^OH 
HC       CH  C,H, 


0 

CH3.C       C-CH3  (^.o<0.2H5 
HC       CH  H 

C 
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The  latter  accounts  best  for  the  comparative  instability  of  the  com- 
pound, from  which  alcohol  may  be  split  off  by  warming.  It  gives  a 
value  of  2-67  for  the  atomic  refraction  of  each  of  the  three  oxygen 
atoms,  whereas  4-3  would  be  required  for  each  of  the  two  quadrivalent 
oxygen  atoms  of  the  first  formula.  The  absorption  spectrum  in 
alcoholic  solution  shows  a  distinct  band  in  the  ultra-violet,  indicating, 
probably,  a  tautomerism  of  a  double  linkage.  As  this  is  not  observed 
either  in  dimethylpyrone  and.  its  hydrochloride  or  in  pyrone  and  its 
hydrochloride,  but  does  appear  in  diacetylacetone  (see  below),  it  seems 
simplest  to  refer  the  tautomerism  to  the  point  of  attachment  of  the 
alcohol  or  other  oxygen-containing  molecule.  In  this  case,  there  may 
be  supposed  to  be  a  vibration  between  the  two  forms  indicated  by  the 
two  formulas  suggested. 

(4)  Diacetylacetone. 

This  compound  was  prepared  from  the  barium  salt  of  dimethyl- 
pyrone, and  was  purified  by  repeated  crystallisation  from  ether. 


{In  alcohol.) 

p. 

r. 

(/. 

n^. 

S-^^-^-^- 

«D- 

n2-i     1 

112-1-2  ■  d 

[S.R.]„,  [M.K.]c[M.R.]i,. 

10-16 
11-74 

18-0 
18-6 

0-8147 
0-8168 

1-3719 
1-3731 

0-2789    0-2783 
0-2790    0-2790 

{In  dry  hen 

1-3739 
1-3751 

zene.) 

0-2802 
0-2803 

0-2813 
0-2819 

39-52 
39-62 

39-94 
40  03 

(0-0)  (18-9)  (0-8796)  (1-4969) 
8-44    19-4     0-8912     1-4975 

(0-33264) 
0-3286    0-2806 

(1-5015 
1-5025 

(0-33523) 
0-3314    0-2865 

39-85 

40-69 

can 

39-66 
36-60 

40-22 

Iculated  from  the  open-chain  formula  . . . 

36-76 

The  formula  usually  given  is  of  the  open-chain  type,  but  there  seems 
no  evidence  for  this  beyond  analogy  with  acetylacetone.  There  exists 
apparently  an  intimate  connection  between  diacetylacetone,  dimethyl- 
pyrone, and  the  compound  with  alcohol  already  discussed,  for  in  pre- 
paring the  latter,  as  already  mentioned,  if  any  moisture  is  present  at 
the  time  of  formation  of  the  sodium  salt,  the  final  product  is  diacetyl- 
acetone. It  therefore  seems  most  reasonable  to  represent  the  two  by 
analogous  formulas  containing  respectively  alcohol  and  water.  Thus 
we  have  the  two  tautomeric  forms  : 


0 

CH,-C      C-CH, 


H  CH^-C      C-CH 


HC      CH     C)<OH  HC      CH 


n  ^"3  o:oH, 


c '  c- 


In  alcoholic  solution,  an  absorption  band  appears  in  the  ultra-violet 
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spectrum  of  the  same  type  as  tliat  due  to  tlie  compound  of  alcohol  and 
dimethylpyrone,  but  rather  more  persistent.  The  analogy  between  the 
two  compounds  is  thus  further  emphasised. 

Chemical  evidence  supports  the  view  that  two  modifications  of 
diacetylacetone  are  formed  successively  in  the  course  of  its  preparation 
from  the  barium  salt  of  dimethylpyrone,  but  attempts  to  trace  this 
change  have  not  at  present  been  successful.  In  one  experiment  with 
a  more  concentrated  solution  in  benzene,  it  was  found  that  the  read- 
ings did  not  remain  constant.  The  first  numbers  gave  very  high  values 
of  refractive  index  and  dispersion,  but  as  a  change  was  taking  place 
the  results  were  not  included  in  the  table.  The  two  experiments  in 
alcoholic  solution  give  very  concordant  results,  and  duplicate  ones 
in  benzene  gave  identical  numbers. 

The  mean  value  for  molecular  refraction  agrees  best  with  the  first 
formula,  the  atomic  refraction  deduced  for  each  of  the  two  quadri- 
valent oxygen  atoms  being  2  "78.  This  is  therefore  probably  the  more 
stable  form,  some  tautomerism  being,  however,  suggested  by  the  ab- 
sorption spectrum. 

(5.)  Pyrone. 

Pyrone,  prepared  in  the  usual  way,  was  purified  by  distillation  in 
vacuo  ;  it  was  quite  white,  but  when  exposed  to  air  and  moisture  it 
turned  brown.  Briihl's  measurements  were  made  on  the  melted  sub- 
stance, and  he  found  that  this  change  occuried  even  during  a  deter- 
mination of  refractive  index  at  a  rather  high  temperature,  the  values 
of  specific  refraction  falling  at  the  same  time.  In  aqueous  solution, 
the  change  also  takes  place,  but  much  more  slowly.  Only  sufiicient 
material  was  available  after  purification  for  one  determination  and 
for  the  preparation  of  the  hydi-ochloride. 

In  aqueous  solution  the  results  were  : 

P-         t-  a.  .,.        :^.l.^.n,,.        n,.       5^1.1.[S.R.],.[M.R.],,M.R.]„ 

14-35   19-3     1-0257     1-3535    0-2117    0-2574   1-3556    0  2128    0-2594   2471   24-90 

The  numbers  given  by  Briihl  are 24-46    24*68 

Those  calculated  from  additive  vahies  are  ...     23-89    24-09 

After    standing    overnight,    the    solution   had    become    brown    and 
fluorescent,  and   the  value   of  the  molecular  refraction  had  fallen  con- 
siderably, and  was   only  a  little  above  24-09    required   by  the    usual 
0 


HC       CTT 

formula,       1 1        1 1       .     Probably,  therefore,  when   first    dissolved, 
HC       CH  ^ 


i 
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would  have  a  still  higher  value,  indicating  the  presence  of  the  form 
with  quadrivalent  oxygen,  which  may  be  written  thus  : 


HC   I    CH 

HC  V  CH  ■ 

\\/ 
C 

No  absorption  band  is   seen  in  alcoholic  solution,  the  change    being 
irreversible  and  not  tautomeric. 


(6)    Pyrone   Hydrochloride. 

This  salt,  when  prepared  from  pyrone  in  the  usual  way,  was  de- 
hydrated in  a  vacuum  desiccator  and  only  used  in  the  anhydrous 
state.  It  is  very  hygroscopic  and  i-eadily  turns  brown.  The  yield  is 
very  poor,  and,  as  in  the  case  of  pyrone,  although  the  solubility 
is  small,  it  is  impossible  to  recover  the  original  substance  from  the 
solutions  even  by  evaporating  in  vacuo.  Specially  dried  alcohol  was 
used  as  solvent. 


[S.IJ.l  .  [M.R.]^. 


P.  f.  d.  n.  "^'zl  .  1 

6-11  20-G  0-8127  1-3712      0-2791  0-2544  33-71 

(When  left  overnight)     6-11  20-4  0-8176  1-3716      0-2777  02313  30-04 

Wai-med  m  dissolviuc;     7-84  20-7  O-S-230  1-3740      0-2774  0 -2383  31-58 


The  calculated  value  for   the  usual   formula  of  the   salt       1 1       1 1 

HC      CH 

\/ 
C 

/\ 
CI     OH 
is  30-37,  and  is  therefore  much  below  the  first  number  given. 

The  second  determination  was  made  on  the  original  solution  after 
standing  overnight.  It  had  undergone  the  same  change,  apparently, 
as  that  noticed  in  pyrone  solutions,  and  probably  hydrolysis  of  the 
salt  had  occurred.  The  value  found  is  only  slightly  higher  than  that 
required  by  the  foregoing  formula. 

In  the  third  experiment,  the  solution  was  slightly  warmed  in  order 
to  hasten  solution  and  to  increase  the  concentration.  This  was, 
however,  unsatisfactory,  as  the  colour  change  began  at  once.  The  low 
number  obtained  for  the  molecular  refraction  in  this  case  indicates 
this  change.  Weighings  wei-e  made  after  cooling,  so  that  the  increase 
VOL.   LXXXVIl.  5   D 
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of  density  and   refractive  index  is  not  due,  as  might  be   supposed,  to 
increase  of  concentration  by  evajDoration. 

0 

^\  i 

TTC       CH  ' 

According  to  the  formula        i        1 1  OHCl,  corresponding  to  that 
HC      CH     1 


C 

adopted  for  dimethylpyrone  hydrochloride,  the  value  for  each 
c^uadrivalent  oxygen  atom,  from  the  first  experiment,  would  be  2*41. 
This  is  somewhat  lower  than  the  atomic  refraction  derived  from  the 
other  substances,  but,  as  has  been  seen,  this  value  is  probably  still  too 
low,  indicating  the  partial  hydrolysis  of  the  salt.  No  absorption  band 
is  seen  in  the  ultra-violet  spectrum,  and  neither  of  the  formulae 
indicates  the  probability  of  tautomerism. 

(7)  Pyromeconic  Acid. 

Pyromeconic  acid  or  hydroxypyrone  was  prej^ared  by  heating  meconic 
acid.  The  specimen  used  was  given  me  by  Professor  Collie,  and  had 
been  analysed  by  him.  The  quantity  available  was  only  sufficient  for 
one  experiment. 

This  was  made  in  aqueous  solution,  and  the  measurements  were 
repeated  on  the  following  day. 

p.  t\  d.  n^,       J^  .  1 .  [S.RJc.        «D.      J~.J.[S.R.]„.  [M.R.]c.[M.R.]i.. 

9-81     18-6     1-0220     1-3474    0-2091  0-2498    1-3494  0-2102  0-2515    28-02    28-17 

Oil  repeating,  the  numbers  were 28-00    28-11 

o 


The    number    calculated  for    the    ordinary   formula  1 1       1 1 

^  HC      CH 


C 

o 

is  25-61,  and  on  the  assumption  of  quadrivalent  oxygen  in  the  formula 


0 

HC       C-OH  ^ 
HC       CH        I 


c- 

the  atomic  refraction  for  quadrivalent  oxygen  is  3'1. 


t 
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This  is  somewhat  higher  than  the  average  number,  but  the 
difference  hardly  exceeds  the  experimental  error. 

The  absorption  spectrum,  however,  shows  a  band  even  more  marked 
than  that  produced  by  diacetylacetone,  and  in  the  case  of  pyromeconic 
acid  there  is  the  possibility  of  an  internal  linking  between  the  central 
oxygen  atom  and  that  of  the  hydroxyl  group  ;  the  alternate  making 
and  breaking  of  this  linking  would  account  for  the  ultra-violet 
selective  absorption. 

Two  of  the  three  oxygen  atoms  would,  on  this  hypothesis,  show 
intermittently  their  residual  valencies,  the  third  being  truly  quadri- 
valent as  in  the  other  compounds  studied. 

(8)  Ethyl  Chelidonate. 

This  ester  was  prepared  in  the  ordinary  way,  and  Avas  recrystallised 
many  times  in  order  to  free  it  from  traces  of  the  accompanying  ethyl 
xanthochelidonate.     Dry  benzene  was  used  as  solvent. 


[M.l!. 


The  formula  has  been  discussed  by  Claisen  in  connection  with  the 
synthesis  of  the  compound   {Ber.,    1891,  24,    111),  and   the  formula 
advocated  by  him  is  in  accordance   with  the  usual  one  for  the  pyrone 
O 


P. 

f. 

d. 

no. 

:j^-.-  [^•''•j" 

(0-0) 
10-64 

(18-9) 
18-7 

(0-8796) 
0-9058 

(1-5015) 
1  -5022 

(0-33523) 
0-3259     0-2384 

derivatives,       ^    »        2  , , 

HC      CH 


C 

o 

The    calculated    molecular    refraction  required    by  this  formula   is 
5 5 -45,  a  difference  beyond  possible  experimental  error. 

0 

Substituting  the  formula      -    "       ^10  11--^    ■'     ^  ,  the   atomic 

\\/ 
0 

refraction  for  the  single  quadrivalent  oxygen  atom  is,  by  subtraction, 

2'35.     This  number  is  a  little  below  the  average  from  the  foregoing 

experiments,  about  2-7,  but  the   difference  is  only  0-5   per  cent.,  and 

is  therefore  within  experimental  error,  the  molecular  weight  being  very 

high  and  only  one  quadrivalent  oxygen  atom  being  involved. 

5  D  2 
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(9)   Ethyl  Xanthochelidonate . 

This  ester  was  prepared  by  the  ordinary  method  and  crystallised 
repeatedly  from  absolute  alcohol. 

In  these  experiments,  the  solvents  used  were  chloroform,  perfectly 
dry  chloroform,  dry  benzene,  and  a-bromonaphtbalene.  The  chief 
difficulty  is  the  very  small  solubility  of  the  substance,  a  great  variety 
of  solvents  having  been  tried  without  success. 

Chloi-oform  is  the  only  one  in  which  any  considerable  concentration 
can  be  obtained,  but  the  results,  although  exceedingly  concordant,  are 
unreasonably  high  as  compared  with  the  additive  molecular  refi-actions. 
The  same  has  been  found  by  Briihl  for  cinnamic  acid  and  other  sub- 
stances, the  values  obtained  from  solutions  in  chloroform  being 
considerably  higher  in  all  cases  than  those  from  corresponding 
solutions  in  other  solvents.  It  appears  therefore  that  some  un- 
explained factor  modifies  the  results,  and  no  useful  conclusions  can  be 
drawn  from  these  values. 

[In  chloroform.) 

P.      e.       d.        ■,!(,.     'J^-|-d.  ts-^-'c-     "d-    ,"2;j;2-;J.[s-r-]d-[m.r.]c[>i-r-]„ 

(0-0)    (18-4)  (1-4881)  (1-4440)       (0-17850)       (1-4464)       (0-17935) 
4-59     18-8     1-4763     1-4496    0-1819  0-2560    1-4525  0-1829  0-2619    6605    67-57 
10-25     18-3     1-4648     1-4564    0-1857  0-2562    1-4600  0-1870  0-2620    66-09    67-60 

{In  anhydrous  chloroform.) 

(0-0)    (18-6)  (1-4920)  (1-4442)       (0-17810)       (1-4467)       (0-17899) 
5-45     20-0     1-4760     1-4507    0-1823  0-2596    1-4536  0-1833  0-2632    66-97    67-92 
8-14     19-4     1-4705     1-4537    0-1840  0-2573    1-4572  0-1853  0-2631    66-39    67-90 

{In  dry  benzene.) 

(0-0)    (18-9)  (0-8796)  (1-4969)       (0-33264)       (1-5015)       (0-335-23) 
3-84     18-5     0-8894     1-4983    0-3297  0-2542    1-5030  0-3324  0-2586    65-59    66-72 

{In  a-hromonaphthalene.) 

(00)    (18-7)  (1-4832)  (1-6500)       (0-24592)       (1-6588)       (0-24856) 
2-38     20-0     1-4753     1-6461    0-2460  0-2518    1-6550  0-2487  0-2564    64-97    66-16 


The  molecular  refractions  from  benzene  and  a-bromonaphthalene 
solutions  differ  by  less  than  one  per  cent.,  which  is  well  within 
experimental  uncertainty  for  such  dilute  solutions.  The  agreement  is 
interesting  as  the  specific  refractions  of  these  solvents  themselves 
differ  so  largely. 

The    formula    which    probably    agrees     best    with    the    molecular 
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refractions  observed  is  analogous  to  that  proposed  for  diacetylacetone 
and  may  be  written  thus  : 

C , 


I 


HC      CH 

c- 


c-co./OoH-  ;,. 

II      -    -   ^  o. 


OH, 


Taking  the  mean  of  the  two  last  numbers,  66 '44,  the  value  of  the 
atomic  refraction  of  each  of  the  three  quadrivalent  oxygen  atoms  is 
3'1.  This  is  a  high  value,  the  same  as  that  derived  from  pyromeconic 
acid,  and  in  the  case  of  the  xanthochelidonic  ester  several  veiy  marked 
absorption  bands  are  found  in  the  ultra-violet  spectrum.  Some  form 
of  tautomeric  vibration  is  therefore  probable  and  the  high  molecular 
refraction  may  be  connected  with  this  vibration. 

The  measurements  of  absorption  spectra  in  alcohol,  ordinary  chloro- 
form, and  dried  chloroform  have  been  made,  but  not  yet,  published, 
by  Baly  and  Bassett,  but  the  bands  in  the  two  latter  media  ai-e  not 
the  same.  The  results  for  molecular  refraction  are,  however,  not  very 
different. 

It  may  be  of  interest  to  note,  in  this  connection,  the  extremely 
hygroscopic  nature  of  carefully  dried  chloroform.  A  solution  of  ethyl 
xanthochelidonate  in  the  anhydrous  solvent  is  colourless,  the  slightest 
trace  of  moisture  giving  the  characteristic  brilliant  yellow  colour  from 
which  it  is  named.  In  order  to  obtain  the  colourless  solution,  it  was 
found  necessary  to  distil  several  times  from  phosphoric  oxide  and  to 
prevent  access  of  moisture  by  interposing  tubes  filled  with  that 
substance.  It  is  hardly  possible  to  pour  dry  chloroform  from  one 
vessel  to  another  without  absorption  of  suflacient  moisture  to  colour 
the  solution.  This  constitutes  therefore  an  exceedingly  delicate 
test  of  the  dryness  of  chloroform. 

(10)  Dehydr acetic  Acid. 

This  substance  was  obtained  from  Kahlbaum  and  was  recrystallised 
from  ether.  The  numbers  obtained  from  chloroform  and  a-bromo- 
naphthalene  solutions  i-espectively  were  : 
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{In  chloroform.) 


(0-0)  (19-1)  (1-4879)        _  _        _  (1-4461)       (0-17927) 

8-78    20-0     1-4706  —  _         _  1-4580    0-1856    0-2572     —      43-21 

9-19    18-6     1-4723  —  —         —  1-4596    0-1859    0-2577     —      43-30 

{In  a-bromonaphthalene.) 

(0-0)  (18-7)  (1-4832)  (1-6500)        (0-24592)  (1-6588)        (0-24856) 

8-43    19-3     1-4656     1-6401  0-2458    0-2447  1-6487    0-2485    0-2475    41-10    41-58 

6-00    20-0     1-4693     1-6425  0-2460    0-2471  1-6512    0-2486    0-2494    41-51    41-89 


In  this  case,  as  in  that  of  ethyl  xanthochelidonate,  the  two  values 
obtained  fx'om  the  chloroform  solution  agree  very  well,  but  ai'e  much 
higher  than  those  from  the  a-bromonaphthalene  solution.  The  mean  of 
the  two  latter,  41-72.  is  therefore  the  most  probable  number. 
Debydracetic  acid  has  been  exhaustively  studied  by  Collie  (Trans., 
1891,  59,  183),  and  two  alternative  formulse  are  given  and  discussed 
by  him,  distinct  from  that  previously  advocated  by  Feist.  One  of 
these  is  written  thus  : 

O 

/OH 


o:c    c-ch:c< 

HC      CH         ^CH3. 

%/ 

c 

OH 

In  accordance  with    the  modification  proposed  for  the  formulae  of 
the  previously  considered  compounds,  this  may  be  written 

H 
0 

/l\  /OH 

o:c  1  c-ch:c^ 

HC  ?  CH  ^0H3 

\\/ 

c 

without  affecting  the  validity  of  the  arguments  based  on  chemical 
evidence.  The  value  for  the  atomic  refraction  of  the  quadrivalent  oxygen 
atom  obtained  from  the  observed  value  is  2-69,  agreeing  well  with  those 
deduced  from  the  other  compounds  studied.  Debydracetic  acid  is  thus 
shown  to  have  a  formula  closely  allied  to  dimethylpyrone  and  its 
derivatives,  which  are  so  readily  prepared  from  it. 

As  the  value  of  the  foregoing  experiments  depends  chiefly  on  the 
consistency  of    the  value  for  the  atomic   refraction    of    quadrivalent 


i 
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oxygen  derived  from  the  various  compounds  examined,  a  list  of 
these  values  is  given,  stating  in  each  case  how  many  quadrivalent 
oxygen  atoms  are  contained  in  each  molecule.  The  probability  of 
the  various  possible  formulae  has  been  already  discussed.  The 
values  for  the  C  line  have  not  been  considered  in  each  case  hitherto, 
but  all  data  have  been  given. 


Name.  [A.E.]c 

Dimethylpyrone   2'54 

Dimethylpyrone  hydrochloride  2'88 

Compound  of  alcohol  and  dimethylpyrone.  2-41 

Diacetylacetone 2  'oS 

Pyrone    — 

Pyrone  hydrochloride  — 

Pyromeconic  acid 3"11 

Ethyl  chelidonate — 

Ethyl  xanthochelidonate 2-83 

Dehydracetic  acid 2'o6 

Mean 2-69 


No.  of 

quadrivalent 

[A.R.],. 

oxygen  atoms 

2-65 

1 

2-79 

2 

2-67 

3 

2-78 

2 

— 

probably 

very  little 

2-41 

2 

3-10 

1 

2-35 

1 

3-10 

3 

2-69 

1 

The  kind  of  agreement  thus  obtained  is  best  seen  by  tabulating 
the  observed  values  together  with  the  additive  ones  obtained  by 
assuming  the  mean  atomic  refraction  of  quadrivalent  oxygen.  For 
simplicity,  only  the  numbers  referring  to  the  D  line  are  quoted. 
Those  for  the  C  line  show  about  the  same  degree  of  concordance. 


Name. 


Dimethylpyrone 


Dimethylpyrone  \ 
hydrochloride  J 


Quadrivalent  oxygen  =  2"73. 


Formula. 
O 

CHj-C    I     C-CH„ 

t    0    II 
HO     I    CH 

0 

CHg'C        C'CH-j 

I  II 

HC        CH 

\/ 
C 


'\cr 


Calcu-      Difler- 
Found.      lated.        euce. 


3.5-34       35  •4- 


43-67       43-54 


0-11 


Compound  of  alcohol  \ 
and  dimethylpyrone  J 


CH. 


•C        C'CHs 

"  I  II 

HC        CH 

%/ 
C 


0:0 


\H 


52-05       52-24 
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Quadrivalent  oxygen  =  2-7o   (continvied). 

Calcu-      Differ- 
Name.                         Formula.  Found.      lated.       ence. 

0 


CH,-C        C-CH., 


n 


Diacetylacetone  I  11^  0\niT    ^*^'^"^       ^"^'-^^        °'^^ 

xlC  Cxi  I      Ull 

c 


0 

HC        CH 


Pyrone  hydrochloride...      I  II      u(  33-71       34-34        0-63 

HC         CH   ]  ^Cl 


C  — 
0 


HO-C        CH      I 

Pyromeconic  acid  I  II         0      28-17       27-76        0-41 

^  C         CH 


C 

0 

CaH^-CC/C     I     C-COa-CoHg 
Ethyl  chelidonate    hC   ^    rll  ■•■        '>'i''^'^       ^'''^^        0'-'^9 

0 


,,,,    ,  ,,     .CHs-COa-C        C-CC/CoHs    1 

Ethyl    xantho-j    ~    "       ^  ,^  -  ^^^^  ^   ^^       ^^^^^        ^  ^^ 

chelidonate    /  C         C  ' 


C ' 

H 
0 

^\\         /OH 

Dehydracetic  acid ^'^  (J    ^^'^^CH;,     41-72       41-76  0-04 

HC     I    CH 


C 

These  numbers  show  a  good  agreement  -with  the  calculated  values. 
In  three  cases  the  differences  are  between  one  and  two  per  cent.,  but 
in  all  the  others  much  below  one  per  cent.,  that  is,  within  the 
experimental  uncertainty.  In  the  case  of  pyrone  hydrochloride, 
this  is  evidently  due  to  partial  hydrolysis.  The  anomalies  pre- 
sented by  ethyl  xanthochelidonate  are  probably  connected,  as  has 
been  pointed  out,  with  the  vibrations  of  the  intramolecular  linkings 
shown  by  the  very  marked  and  persistent  absorption  bands.     It  is 
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also  evident  that  different  solvents  have  a  decided  influence  in  this 
case.  The  slight  solubility  prevents  very  accurate  determinations 
of  the  density  and  refractive  index. 

Otherwise  the  value  for  the  atomic  refraction  of  quadrivalent 
oxygen  is  very  fairly  consistent.  Tbe  formulte  quoted  were 
adopted  as  representing  most  neai'ly  the  chemical  behaviour  of  the 
substances  and  were  not  merely  made  up  in  agreement  with  their 
molecular  refractions;  the  value  of  the  experiments  therefore 
depends  chiefly  on  the  constancy  of  the  number  found  for  the 
quadrivalent  oxygen  atom.  The  agreement,  which  is  on  the  whole 
considerably  better  than  is  usually  found  in  such  work,  is  a  good 
confirmation  of  the  quadrivalency  of  oxygen  in  these  compounds. 
It  has  already  been  mentioned  that  the  only  other  definite  value 
given  is  that  obtained  by  Briihl  for  carbon  monoxide,  namely,  2 '60,  and 
this  is  only  slightly  lower  than  the  value  arrived  at  for  the  pyrone 
derivatives.  The  structure  of  the  additive  compounds  with  water, 
alcohol,  acids,  and  alkalis  can  thus  be  rationally  interpreted. 

It  is  not  probable  that  Lorenz's  formula  for  specific  refraction 
will  be  found  to  hold  to  the  limit  of  experimental  accuracy.  It  is 
based  on  deductions  from  the  electromagnetic  theory  of  light  and 
can  only  hold  strictly  for  light  of  infinite  wave-length.  No  dis- 
persion formula  is  at  present  known  by  the  help  of  which  such 
extrapolation  could  be  made.  It  may  be  found  that,  by  small 
corrections,  a  sufiicient  agreement  can  be  attained.  It  is  certain, 
however,  that  a  recalculation  of  all  the  constants  is  required  and 
that  these  will  have  to  be  repeatedly  revised  before  accuracy  can 
be  expected.  It  seems  that  many  of  the  compounds  from  the 
comparison  of  which  the  constants  have  been  deduced  have  formulae 
differing  from  those  hitherto  visually  ascribed  to  them.  In  cases 
of  uncertainty,  these  must  be  excluded  from  such  a  table  before 
correct  values  for  the  atomic  refractions  can  be  determined 
from  it. 

University  College, 
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CXLIV. — The  Alkylation  of  Mannose. 

By  James    Colquhoun  Irvine,    Ph.D.,  D.Sc,    Carnegie   Fellow,   and 
Agnes  Marion  Moodie,  ]\[.A.,  B.Sc,  Berry  Scholar  in  Science. 

The  only  alkylated  sugars  which  have  so  far  been  examined  in  detail 
are  trimethyl  glucose,  tetramethyl  glucose,  and  tetramethyl  galactose 
(Trans.,  1903,  83,  1021,  and  subsequent  papers),  which  have  been 
prepared  respectively  by  the  hydrolysis  of  the  corresponding  alkylated 
methylhexosides. 

We  are  at  present  engaged  in  this  laboratory  in  the  study  of  other 
alkylated  sugars,  and  the  following  paper  describes  the  preparation  of 
tetramethyl  mannose  and  the  isomeric  a-  and  yS-tetramethyl  methyl- 
mannosides.  The  data  collected  in  the  course  of  the  present  work  are, 
on  the  whole,  strictly  comparable  with  those  already  obtained  in  the 
study  of  tetramethyl  glucose  and  tetramethyl  galactose,  but  we  reserve 
any  detailed  discussion  of  the  results  until  other  types  of  alkylated 
sugai's  have  been  further  examined. 

The  method  of  preparing  tetramethyl  a-methylmannoside  was 
essentially  the  same  as  that  already  described  for  the  corresponding 
methylated  glucoside  and  galactoside.  a-Methylmannoside  was  alkyl- 
ated in  methyl-alcoholic  solution  by  the  joint  action  of  silver  oxide 
and  methyl  iodide.  After  two  such  treatments,  the  product  was 
soluble  in  methyl  iodide,  and  the  final  alkylation  was  therefore  carried 
out  in  this  solvent.  Tetramethyl  a-methylmannoside  was  isolated 
from  the  reaction  mixture  as  a  colourless,  mobile  liquid  boiling  at 
148 — 150°  under  15  mm.  pressure.  The  liquid  solidified  on  standing 
to  a  crystalline  mass  of  comjDlicated  prisms  melting  at  37 — 38°,  and 
in  this  respect  the  compound  differs  from  the  isomeric  tetramethyl 
a-methylglucoside  and  the  corresponding  galactoside.  In  the  latter 
cases,  the  fully  methylated  derivatives  having  the  a-configuration  are 
liquids,  whilst  the  y8-isomerides  are  solid  and  crystalline.  In  the  case 
of  the  alkylated  methylmannosides,  the  converse  holds  true.  That  the 
foregoing  crystalline  compound  represented  the  a-isomeride  was  shown 
by  the  fact  that  it  was  unaffected  by  emulsin  and  also  by  the  sub- 
sequent preparation  of  a  liquid  isomeride  displaying  widely  different 
rotatory  powers,  but  which  was  readily  hydrolysed  by  this  enzyme, 
and  therefore  consisted  essentially  of  the  /3-form. 

The  optical  I'otatory  powers  of  tetramethyl  a-methylmannoside  in 
different  solvents  show  on  the  whole  the  same  relationships  as  the 
corresponding  glucoside.  In  water,  the  specific  rotation  in  the  dextro- 
rotatory sense  is  much  smaller  than  in  alcohol,  and  in  this  respect  the 
compound  differs  sharply  from  the  corresponding  galactoside,  for  which 
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the  converse  holds  true.     The  specific  rotations  of  these  isomerides  are 
compared  in  the  following  table  : 


Water. 

[«]r. 

Methyl 
alcohol. 

Ethyl 

alcohol. 

[a]f. 

Tetramethyl  o-methyhnannoside 

,,              a-methylglucoside    .... 
,,              o-methylgalactoside     . 
, ,              /3-methylgalactoside     . 

+  42-9° 
.      +147-4 
.      +143-4 
.        +30-7 

+  70-5" 

+  75-5° 
+  153-9 
+  109-9 

-20-9 

When  heated  with  8  per  cent,  aqueous  hydrochloric  acid,  the  com- 
pound loses  the  glucosidic  methyl  group  and  is  converted  into  tetra- 
methyl mannose,  the  change  being  accompanied  by  a  marked  decrease 
in  rotatory  power.  The  alkylated  sugar  is  a  viscid,  colourless  syrup, 
boiling  without  decomposition  at  187 — 189°  under  19  mm.  pressure. 
The  compound  is  almost  inactive  in  aqueous  solution,  and,  moreover, 
on  account  of  its  syrupy  nature,  is  not  well  adapted  to  the  study  of 
multirotation.  After  heating  for  some  time  to  120°,  however,  its 
solutions  in  water  or  methyl  alcohol  exhibited  slight  changes  in  optical 
activity.  In  water,  the  initial  specific  rotation  of  a  5  per  cent,  solu- 
tion  was  -1-7°,  and  after  15  hours  this  had  attained  the  constant 
value  of  -t-l-2°.  In  methyl -alcoholic  solution,  a  similar  change  was 
observed,  the  specific  rotation  increasing  from  +  14-6°  to  -1- 17'2°. 

In  its  condensation  with  methyl  alcohol,  tetramethyl  mannose 
behaves  in  an  exactly  similar  manner  to  the  parent  sugar  mannose. 
The  sole  product  of  the  reaction  was  the  crystalline  tetramethyl 
a-methylmannoside  already  referred  to,  and  apparently  no  /3-isomeride 
was  produced.  Both  tetramethyl  glucose  and  tetramethyl  galactose, 
when  similarly  treated,  give  a  mixture  of  the  a-  and  /^-modifications 
of  the  condensation  products,  the  a-form  being  produced,  however,  in 
lai'ge  excess  in  the  latter  case. 

The  behaviour  of  tetramethylmannose  as  regards  the  alkylating  effect 
of  a  mixture  of  silver  oxide  and  methyl  iodide  is  in  accordance  with 
the  idea  that  the  sugar  is  capable  of  assuming  the  tautomeric  a-  and 
j8-forms.  A  liquid  product  was  obtained  which,  from  its  composition 
and  reactions,  was  shown  to  be  likewise  tetramethyl  methylmannoside. 
In  aqueous  solution  it  was,  however,  Isevorotatory  ([ajo' -  34-l°),  and 
when  hydrolysed  by  means  of  aqueous  hydrochloric  acid,  the  charac- 
teristic rise  and  fall  in  rotatory  power  was  observed  which  has  been 
shown  in  previous  work  to  be  significant  of  the  presence  of  both  the  a- 
and  /3-varieties  of  an  alkylated  glucoside.  The  liquid  in  question  was, 
moreover,  partially  hydrolysed  by  emulsin,  and  this  confirms  the  idea 
that  it  contains  the  j8-isomeride.  It  was,  however,  found  impossible 
to  separate  the  constituents  of  the  mixture  by  fractionation,  and  no 
data  could  therefore  be  obtained  as  to  the  exact  specific  rotation  of 
the  ^-form. 

6  E  2 
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As  mannose,  like  its  tetramethyl  ether,  when  condensed  with 
methyl  alcohol  by  means  of  hydrogen  chloride  yields  only  the  a-mauno- 
side,  the  foregoing  result  therefore  offers  a  unique  example  of  the 
application  of  the  silver  oxide  method  of  alkylation  in  the  prepara- 
tion of  a  type  of  glucoside  which  is  not  produced  in  the  ordinary 
condensation  process. 

Experimental. 
Preparation  oj  Tetramethyl  a-Methylmannoside. 

The  a-methylmannoside  used  in  our  experiments  was  prepared  by 
Fischer's  method  [Ber.,  1896,  29,  2927),  in  which  dry  mannose  is 
heated  at  100°  for  45  hours  with  excess  of  methyl  alcohol  containing 
0"25  per  cent,  hydrochloric  acid.  We  found  that  the  amount  of 
solvent  alcohol  used  could  be  conveniently  reduced  to  eight  times  the 
weight  of  sugar  taken,  and  this  effects  a  considerable  economy  when 
the  preparation  is  carried  out  in  sealed  tubes.  The  yield  of  crude 
product  was  almost  quantitative,  and,  after  recrystallisation  from 
methyl  alcohol,  the  compound  melted  at  190  —  191°.  The  mother 
liquors  collected  during  the  recrystallisation  were  examined  with  the 
view  of  ascertaining  if  any  of  the  isomeric  ^-methylmannoside  had 
been  produced,  but  only  a  small  quantity  of  an  uncrystallisable  syrup 
was  obtained. 

The  alkylation  of  the  methylmannoside  was  carried  out  exactly  as 
already  described  for  meth)lglucoside  and  methylgalactoside  (Trans., 
1904,  85,  1058,  1074),  and  the  proportions  of  alkylating  material 
were  the  same.  Owing,  however,  to  the  sparing  solubility  of  the 
compound  in  methyl  alcohol,  a  larger  quantity  of  solvent  is  required, 
and  the  process  is  more  tedious.  Three  successive  alkylations  were 
necessary,  two  in  methyl-alcoholic  solution  and  one  in  methyl  iodide, 
and  the  final  product  was  isolated  as  usual  and  purified  by  distillation 
in  a  vacuum.  The  pure  substance  was  thus  obtaioed  boiling  at 
148 — 150°  under  15  mm.  pressure.  On  standing,  the  distillate 
solidified  completely  to  a  mass  of  complicated  prisms,  which  were 
freed  from  adherent  oil  by  draining  on  a  tile.  The  less  volatile 
fractions  crystallised  only  partially,  and  were  therefore  again  alkylated 
together  with  the  oil  recovered  from  the  tiles,  and  thus  a  total 
yield  of  crystalline  product  amounting  to  74  per  cent,  of  the  manno- 
side  taken  was  obtained.  The  compound  proved  to  be  exceedingly 
soluble  in  water  and  organic  solvents  genex*ally,  but  was  recrystallised 
with  some  difliculty  from  a  concentrated  solution  in  methyl  alcohol. 
After  drying  in  a  vacuum,  the  crystals  melted  at  37 — 38°.  The 
analysis  was  conducted  on  a  sample  of  the  compound  dried  at  100°  in 
a  vacuum. 


I 


c. 
9-9963 
9-9890 

I. 
2 

2 

020=. 

+  8-57° 
14-05 

+  42-9 
70-5 

7-95-20 

1 

6-01 

75-5 
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0-1771  gave  0-3416  CO2  and  0-1439  H3O.     C  =  52-61;  H  =  9-02. 
0-1325     „     0-6214  Agi.     CH3O  =  61-90. 

CiiH220e  requires  C  =  52-80  ;  H  =  8-80  per  cent. 
C6HwO(OCH3)5        „        CH30  =  62-0  per  cent. 

The  compound  is  neutral  in  reaction,  and  is  devoid  of  any  action 
on  Fehling's  solution.  It  is  readily  hydrolysed  on  warming  with 
dilute  hydrochloric  acid  to  give  tetramethyl  mannose,  but  resists  the 
hydrolytic  action  of  emulsin  entirely,  from  which  we  conclude  that 
the  compound  is  the  pure  a-form.  The  molecular  weight  was  deter- 
mined by  the  cryoscopic  method  in  benzene  solution,  and  gave  the 
value  249,  the  calculated  number  being  250. 

The  following  observations  were  made  on  the  optical  activity  of  the 
substance : 

Solvent. 
Water 

Methyl  alcohol 
Ethyl  alcohol 

The  numbers  quoted  above  show  that  the  rotatory  power  is  much 
greater  in  the  dextrorotatory  sense  in  alcoholic  than  in  aqueous 
solutions,  and  in  this  respect  the  compound  resembles  tetramethyl 
a-methylglucoside,  but  differs  from  the  corresponding  galactoside. 

Tetramethyl  Mannose. 

This  compound  is  readily  prepared  by  the  hydrolysis  of  tetramethyl 
a-methylmannoside.  An  aqueous  solution  containing  8  per  cent,  of 
the  alkylated  mannoside  and  8  per  cent,  of  hydrochloric  acid  was 
heated  in  boiling  water  until  the  rotation  became  constant.  After 
about  two  hours'  heating,  the  specific  rotation,  calculated  on  the  weight 
of  mannoside  taken,  diminished  from  +42-5°  to  the  constant  value 
+  2-6°.  The  product  was  then  isolated  in  the  manner  already 
described  for  tetramethyl  glucose  {loc.  cit.),  and  purified  by  fractional 
distillation  in  a  vacuum.  The  pure  substance  distilled  at  187 — 189° 
under  19  mm.  pressure,  and  as  it  could  not  be  obtained  in  a  crys- 
talline state  it  was  examined  in  the  form  of  a  viscid,  colourless,  highly 
refractive  syrup. 

02103  gave  03923  CO.^  and  01634  H,0.     C  =  5087  ;   fl  =  8-63. 
0-1930     „     0-7709  Agl.     OHgO^  52-72. 

CjoHgoOg  requires  C  =  50-85  ;  H  =  8-47  per  cent. 
C6H802(OCH3)^         „         CH3O-52-54  per  cent. 

The  molecular  weight  was  determined  in  aqueous  solution  by  the 
cryoscopic  method  and  gave  219,  the  calculated  value  being  236. 
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Like  the  other  alkylated  sugars  hitherto  examined,  tetramethyl 
mannose  is  soluble  not  only  in  water  but  in  all  the  ordinary  organic 
solvents,  and  retains  the  characteristic  properties  of  a  reducing  sugar. 
The  aqueous  solution  reduces  Fehling's  solution  readily  on  -warming, 
turns  brown  when  boiled  with  caustic  soda,  gives  a  silver  mirror  with 
ammoniacal  silver  nitrate,  and  also  gives  positive  results  with  the 
SchifE  and  the  Molisch  reactions.  The  compound  likewise  reacts  with 
phenylhydrazine  dissolved  in  acetic  acid  to  give  an  oil  which  is  devoid 
of  any  action  on  Fehling's  solution  until  after  it  has  been  hydrolysed, 
and  which  is  doubtless  a  hydrazone. 

On  account  of  the  syrupy  nature  of  the  compound,  our  experiments 
on  multirotation  were  necessarily  restricted.  Previous  experience 
with  tetramethyl  glucose  and  tetramethyl  galactose  has,  however, 
shown  that  by  distillation  or  by  heating  the-e  compounds  to  a  tem- 
perature of  120 — 130°,  the  proportion  of  the  ^-form  of  the  sugar  is 
increased  above  that  contained  in  the  equilibrium  mixture,  and  con- 
sequently after  such  treatment  the  product  exhibits  multirotation. 
We  find  that  tetramethyl  mannose  gives  a  similar  result.  A  quantity 
of  the  sugar  was  heated  for  two  hours  at  120°,  and  the  specific 
rotations  were  then  determined  without  delay  in  water  and  in  methyl 
alcohol.  A  5  per  cent,  aqueous  solution  proved  to  be  Isevorotatory 
([a]D°- 1*7°),  but,  on  standing,  this  gradually  became  dextrorotatory. 
After  fifteen  hours,  the  constant  value  of  [a]D°  +  1*2°  was  attained,  and 
this  remained  ^unaltered  on  the  addition  of  a  trace  of  alkali.  A 
similar  solution  in  methyl  alcohol  gave  the  initial  specific  rotation 
[a]D°  +  14'6°,  which  gradually  increased  to  the  constant  value  of 
4- 17*2°.  It  will  thus  be  seen  that  tetramethyl  mannose,  like  the 
alkylated  mannoside  from  which  it  is  derived,  exhibits  a  much  higher 
rotation  in  the  dextrorotatory  sense  in  alcohol  than  in  water.  In 
this  respect  also  the  series  of  compounds  described  differs  sharply 
from  the  corresponding  galactose  derivatives,  which  display  the 
maximum  dextrorotation  in  aqueous  solution. 

Condensation  of  Tet^'cimethyl  Mannose  with  Methyl  Alcohol. 

Tetramethyl  mannose,  like  the  parent  sugar,  condenses  with  methyl 
alcohol  to  give  only  the  a-form  of  the  corresponding  mannoside.  The 
reaction  was  carried  out  by  heating  a  5  per  cent,  solution  of  the  sugar 
in  methyl  alcohol  containing  0-25  per  cent,  of  hydrochloric  acid  to 
100°  for  twelve  hours.  The  specific  rotation  of  the  solution  increased 
during  the  change  from  +  17°  to  +69°,  so  that  the  conversion  into 
tetramethyl  a-methylmannoside  was  almost  complete.  The  hydro- 
chloric acid  was  removed  by  shaking  with  silver  carbonate,  and,  alter 
evapoi'ating  off  the  solvent  alcohol,  the  product  was  distilled   in  a 
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vacuum.  The  distillate,  on  nucleation  with  tetramethyl  a-methyl- 
mannoside,  crystallised  completely,  and  after  recrystallisation  from 
methyl  alcohol  the  crystals  melted  at  37 — 38°.  The  identity  of  the 
substance  with  the  crystalline  methylated  mannoside  obtained  from 
a-methylmannoside  was  further  confirmed  by  a  determination  of 
the  specific  rotation  in  methyl  alcohol.  The  yield  was  almost 
quantitative. 


Methylation  of  Tetramethyl  Mannose  hy  the  Silver  Oxide  Reaction. 

In  the  case  of  tetramethyl  mannose,  this  reaction  possesses  con- 
siderable interest,  as  it  affords  a  means  of  preparing  a  fully  methylated 
derivative  of  the  unknown  /3-methylmannoside.  The  alkylation  was 
carried  out  as  usual  by  adding  silver  oxide  (5  mols.)  to  a  solution  of 
the  sugar  (1  mol.)  in  methyl  iodide  (10  mols.),  and  warming  on  a 
water-bath  for  eight  hours.  The  product  was  extracted  with  ether, 
and,  after  drying  over  sodium  sulphate  and  removal  of  the  solvent, 
was  distilled  in  a  vacuum.  The  main  fraction  boiled  at  151 — 152° 
under  18  mm.  pressure,  and  presented  the  appearance  of  a  colourless, 
highly  refractive,  mobile  liquid  which  behaved  like  a  glucoside  towards 
Fehling's  solution.  Despite  the  fact  that  the  liquid  could  not  be 
made  to  crystallise,  analysis  nevertheless  showed  that  the  substance 
also  possessed  the  composition  of  a  fully  methylated  methylmannoside. 

0-1646  gave  0-3183  CO^  and  0-1341  H.p.     C  =  52-74;  H  =  9-05. 
0-1896     „     0-9160  Agi.     CH30  =  63-7. 

Ci^HgoOg  requires  C  =  52-80  ;  H  =  8-80  per  cent. 
CgH.O(OCH3)5        „        CH3O  =  62-0  per  cent. 

Determinations  of  the  specific  rotatory  powers  of  the  substance 
gave  the  following  results  : 

Solvent.  c.  I.  000= .  [a.fo\ 

Methyl  alcohol  ...     7-8810  2  -4-20°  -26-6° 

Water 6-6065  2  -4-51  -34-1 

From  the  liquid  nature  of  the  compound  and  the  Isevorotatory  powers 
of  its  solutions,  the  substance  is  evidently  either  tetramethyl 
j8-methylmannoside  or  a  mixture  of  this  compound  Avith  the 
a-isomeride.  In  order  to  establish  this  point  the  substance  was 
hydrolysed.  A  5  per  cent,  solution  of  the  supposed  mixture  was  made 
in  8  per  cent,  aqueous  hydrochloric  acid  and  heated  to  80°,  the 
progress  of  the  hydrolysis  being  followed  by  means  of  polarimetric 
observations  at  intervals  of  ten  minutes.  The  l?evorotation  rapidly 
diminished;  and  after  fifty  minutes  the  solution  was  dextrorotatory. 
In  order  to  hasten  the  change,  the  temperature  of  the  solution  was 
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then  raised  to  100°  and  this  was  attended  with  a  further  increase  of 
dextrorotatory  power  until  the  maximum  value  of  [a]D  +  6"5°  was 
reached,  after  which  the  specific  rotation,  calculated  on  the  weight  of 
mannoside  taken,  diminished  to  the  constant  value  of  +2'5°.  This 
rise  with  an  ultimate  fall  in  rotatory  power  to  approximately  the 
value  required  for  tetram ethyl  mannose  shows  that  the  liquid  under 
examination  consists  of  a  mixture  of  tetramethyl  a-methylmannoside 
with  a  more  easily  hydrolysable  Isevorotatory  isomeride  of  similar 
structure,  which  we  conclude  is  the  corresponding  /3-isomeride. 

In  the  following  table,  the  changes  in  optical  activity  shown  on 
hydrolysis  by  the  crystalline  methylated  a-mannoside  are  contrasted 
with  those  of  the  liquid  mixture  refei-red  to  above,  the  values  in  each 
case  being  calculated  on  the  weight  of  mannoside  taken  ; 

Pure  a-form.  Mixture  of  a-  and  fi-/orms. 

Time  of  heating.  [a.]u-  Time  of  heating.  [ajo. 

0   +42-5°         0   -34-7° 

30  min.  at  100° +12-0         30  min.  at  80°  -    78 

80     „      „     „     +    3-6         50     „      „    „    +    0-7 

110     „      „     „     +    2-6  10  min.  at  100°    ...  +    6-5 

40     „      „     „        ...  +    2-5 

It  will  thus  be  seen  that  the  Isevorotatory  isomeride  is  hydrolysed 
more  readily  than  the  pure  a  form,  and  in  previous  work  on  alkylated 
sugars  we  have  shown  this  to  be  a  feature  of  alkylated  ^S-glucosides. 

The  action  of  emulsin  on  the  liquid  mixture  of  mannosides  was 
carried  out  by  adding  the  finely-powdered  enzyme  to  a  5  per  cent, 
aqueous  solution  of  the  material  and  preserving  the  mixture  at  38° 
for  several  hours.  The  Ijevorotation  gradually  diminished,  and  the 
solution  now  reacted  decidedly  with  Fehling's  solution,  thus  indicating 
that  partial  hydrolysis  had  occurred. 

In  conclusion,  we  take  this  opportunity  of  expressing  our  thanks 
to  Professor  Purdie,  in  whose  laboratory  the  research  was  carried  out, 
for  his  valuable  advice,  and  also  to  the  Executive  Committee  of  the 
Carnegie  Trust  for  defraying  the  expenses  of  the  investigation. 

Chemical  Research  Laboratory, 

UNrrED  College  of  St.  Salvator  and  St.  Leonard, 
University  of  St.  Andrews. 
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CXLV. — The  Interaction  of  Acridines  ivith  Magnesium 

Alhyl  H alleles. 
By  Alfred  Senier,  Percy  Corlett  Austin,  and  Rosalind  Clarke. 

Thts  paper  is  the  record  of  an  attempt  to  apply  Grignard's  reaction 
with  alkyl  groups  to  acridines  and,  if  possible,  also  to  extend  the 
reaction  by  substituting  calcium  for  magnesium  in  the  organo- 
metallic  reagent.  In  the  former  endeavour  we  have  been  successful 
and  have  studied  a  series  of  well-defined  crystalline  additive  com- 
pounds, but  all  our  attempts  to  use  calcium  in  place  of  magnesium 
were  attended  with  failure.  Indeed,  in  endeavoviring  to  prepare 
calcium-alkyl  and  -aryl  halides,  the  proportion  of  calcium  halide  and 
hydrocarbon  resulting  indicates  that  a  chemical  change  analogous  to 
Fittig's  reaction  takes  place  almost  exclusively  (compare  Beckmann, 
Ber.,  1905,  38,  904). 

The  magnesium  derivatives,  although  readily  formed,  proved  much 
more  difficult  to  obtain  in  a  pure  state  than  was  anticipated  ;  they 
possess  no  definite  melting  points,  and  elementary  analysis  thus 
became  the  only  guide  to  their  characterisation.  Moreover,  it  was 
found  impossible  to  purify  them  by  recrystallisation  from  solvents, 
for  they  either  decompose  in  presence  of  these  media  or  refuse  to 
dissolve.  The  formation  of  mixtures  of  derivatives,  especially  of 
compounds  with  ether,  presented  at  the  first  a  further  difficulty.  In 
some  cases,  notably  that  of  the  hexam^thylacridine  compounds,  we 
were  unable  to  obtain  the  product  in  a  state  of  purity ;  but  from  the 
analogy  of  these  reactions  to  the  others  there  can  be  no  doubt  as  to 
the  existeoce  of  the  compounds  with  this  substance. 

When  magnesium  powder  is  mixed  with  an  alkyl  halide  and  an 
ethereal  solution  of  an  acridine  is  added,  a  reaction  is  generally 
induced  to  take  place  by  rubbing  the  sides  of  the  vessel  with  a  glass 
rod  and  by  heating  the  liquid.  This  change  is  indicated  by  the 
gradual  precipitation  of  minute,  coloured  crystals  resembling  acridine 
halides,  which  collect  at  the  bottom  of  the  vessel.  These  crystals  are 
insoluble  in  benzene,  light  petroleum,  or  ether  ;  they  dissolve  in  glacial 
acetic  acid,  but  with  decomposition,  and  are  also  decomposed  by  alcohol 
or  chloroform,  an  inorganic  precipitate  appearing  at  the  same  time. 
From  the  solution  in  alcohol,  the  original  acridine  was  recovered.  It  was 
therefore  necessary  to  find  a  method  by  which  the  individual  derivatives 
can  at  once  be  obtained  in  a  state  of  purity  from  clear  solutions  of  the 
base  and  the  "  reagent." 

Except  in  the  case  of  the  reaction  with  hexamethylacridine,  already 
referred  to,  this  has  been  attained  by  using,  instead  of  dry  ether  alone, 
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this  solvent  mixed  with  such  less  volatile  ethers  as  anisole  and 
phenetole.  These  mixtures  proved  to  be  the  best  solvents  both  for  the 
"  reagent "  and  for  the  acridines  (except  hexamethylacridine),  and  also 
led  to  the  slow  formation  and  separation  of  the  crystals  of  the 
additive  compound.  The  preparation  of  the  corresponding  compounds 
of  hexamethylacridine  was  rendered  very  difficult  by  the  very  sparing 
solubility  of  this  base  in  the  cold  ethers. 

The  "  reagent "  was  made  by  mixing  the  calculated  proportion  of 
magnesium  in  powder  with  a  slight  excess  of  the  alkyl  halide  in  dry 
ether  mixed  with  a  small  proportion  of  phenetole.  The  magnesium 
was  previously  rubbed  in  an  agate  mortar  to  expose  fresh  surfaces  of 
metal,  and  by  this  means  a  reaction  was  bi'ought  about.  Any  unchanged 
metal  was  afterwards  separated  by  suction  through  a  funnel  fitted  with 
an  asbestos  plug.  Ordinary  filter-paper  of  commerce  cannot  be  used, 
as  it  causes  decomposition. 

To  the  solution  of  the  "reagent "  thus  obtained  is  added,  gradually, 
a  solution  of  the  acridine  in  anisole  or  phenetole,  in  the  proportion  of 
two  molecules  of  acridine  to  three  atoms  of  magnesium.  By  this 
means  a  clear  solution  is  obtained,  which,  on  rubbing  and  warming, 
yields  the  crystalline  precipitate  slowly  and  in  a  state  of  purity.  When 
the  order  of  addition  was  reversed,  precipitation  took  place  at  once,  but 
on  analysis  the  deposit  proved  to  be  a  mixture.  The  precipitates  when 
once  formed  will  not  redissolve  in  the  solvent.  Frequently  they 
change  colour  on  exposure  to  the  air  even  before  they  can  be  removed 
from  the  filter.  Working  in  this  way,  the  formation  of  the  crystals  is 
so  slow  that  it  is  best  to  cover  the  beaker  containing  the  mixture  with 
a  watch-glass  and  set  it  aside,  allowing  the  reaction  to  continue  during 
a  night.  Unless  the  mixture  was  left  for  at  least  several  hours, 
filtration  was  found  to  be  difficult,  even  with  a  Biichner  funnel,  as  the 
crystals  would  form  in  the  substance  of  the  filter-paper,  thus  preventing 
filtration. 

Separation  was  then  effected  by  means  of  a  small  Biichner  funnel, 
the  crystals  being  freed  from  any  excess  of  the  "  reagent"  by  washing 
with  slightly  warm  phenetole  or  anisole.  The  crystals  were  then 
removed  from  the  filter,  boiled  with  a  little  benzene  to  remove  the 
last  traces  of  uncombined  acridine,  filtered  again,  thoroughly  washed 
with  dry  ether,  and  finally  dried  at  110 — 115°  for  at  least  half  an 
hour  to  ensure  the  removal  of  any  combined  ether. 

It  may  be  noted  that  the  compounds  were  very  troublesome  to  burn 
completely,  and  that  the  carbon  determinations  could  not  be  effected 
without  having  recourse  to  lead  chromate  and  such  devices  as  mixing 
the  substance  in  the  boat  with  powdered  potassium  dichromatci 

The  compounds  consist  generally  of  the  base  (2  mois.)  combined  with 
the    "  reagent "    (3    mols.)   and  are  analogous  in  structure  with  the 
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diacridine  hexahalides  previously  described  by  two  of  us  (Trans.,  1904, 
86,  1199).  In  the  case  of  the  derivatives  of  hexamethylacridine, 
however,  the  base  (1  mol.)  appears  to  combine  with  the  "reagent" 
(2  mols.)  to  form  compounds  of  the  type  of  the  tetrahalides.  Using  the 
formula3  employed  in  the  communication  on  acridine  halides  (loc.  cit.), 
the  former  class  of  compounds  may  be  regarded  as  intermediate  in 
their  formation  between  compounds  of  the  type  obtained  by  F.  and  L, 
Sachs  {Ber.,  1904,  37,  3088)  with  pyridine  or  quinoline — in  which 
the  base  (1  mol.)  combined  with  the  "reagent"  (1  mol.) — and  the 
derivatives  we  have  prepared  from  hexamethylacridine,  thus  : 

CHR'  CHR' 


^ 


^^'^'i^^' 


CHMgl 


Some  very  interesting  compounds  of  the  "reagent"  (1  mol.)  with 
quinoline  (2  mols.)  were  studied  by  Oddo  [Atti  R.  Accad.  Lincei, 
1904,  [v],  13,  ii,  100  ;  Centralblatt,  1904,  ii,  836).  These  are  of  a 
type  which  may  be  regarded  as  anterior  to  the  first  of  the  foregoing 
formulte. 

The  reaction  described  by  BUnzly  and  Decker  {Ber.,  1904,  37,  575) 
with  acridones  is  of  a  different  class,  these  compounds  behaving  as 
ketones,  a  further  important  fact  bearing  on  the  supposed  tautomerism 
exhibited  by  the  acridones  (compare  Jourdan,  Ber.,  1885,  18,  1444). 

In  our  experiments,  we  freqviently  obtained  analytical  results  which 
could  be  explained  by  supposing  molecules  of  ether  to  have  entered 
into  combination,  which,  on  heating  to  110 — 115°,  were  removed  with 
the  evolution  of  inflammable  gas.  The  following  compounds  were 
prepared  : 

Diacridine  trimagnesium-ethiodide, 

p    TT  Et  Et         n    TT 

^6^4       Mgl         IMg    ^6^^ 


1472      SENIER,   AUSTIN,   AND   CLARKE:   THE   INTERACTION   OF 

was  obtained  in  brown  crystals.     The  compounds  with  acridine  form 
more  slowly  than  those  with  methylacridine  or  /3-naphthacridine. 

0-1894  gave  0-0260  MgO.     Mg  =  8-23. 
0-1202     „     0-0922  Agl.     1  =  41-45. 

CggHggNglgMgg  rGquircs  Mg  =  8-01  ;  1  =  42-42  per  cent. 

Diacridine  trirnagnesiu7n-isobutyliodide, 

also  separated  in  dark  brown  crystals. 

0-6458  gave  0-0796  MgO.     Mg  =  7-39. 
0-2656     „     0-1966  Agl.     1  =  4000. 

CggH^gNglgMgg  requires  Mg  =  7-33  ;  I  =  38-79  per  cent. 

Di-b -methylacridine  trimagnesium-methiodide, 
p  ^j      Me  Me  .,  „ 

This  compound  first   separated   in  yellow  crystals,   but  very  rapidly 
assumed  an  orange  colour  on  drying. 

01759  gave  0-0263  MgO.     Mg  =  8-08. 
01410     „     0-1136  Agl.     1  =  43-53. 

CgiHgjNglgMgg  requires  Mg  =  8-14  ;  1  =  4310  per  cent. 

Di-^ -methylacridine  trimagnesium-ethiodide, 
n  XT       jilt  Jlit     p  pj- 

W^4  Mgl  IMg  ^6  "4 

Very  similar  to  the  previous  compound. 

0-2950  gave  0-0388  MgO.     Mg  =  7-88. 
0-2147     „     0-0274  MgO.     Mg  =  7-65. 

0-6474     „     17-4  c.c.  nitrogen  at  16°  and  759  mm.     N  =  3-13, 
0-3331     „     8-2  c.c.  ,,  11°    „    768  mm.     N  =  2-96. 

0-1316     „     0-1024  Agl.     1  =  42-04. 

0-1596     „     0-2557  00^  and  0-0576  H.p.     0  =  43-7  ;  H  =  401. 
Cg^Hg.NglgMgg  rcquires  Mg  =  7-77;  N  =  3-02;  1  =  41-14;  C  =  44-06; 
H  =  4-00  per  cent. 
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Di-5-methylacridine  tri7nagnesium-isobuti/liodide, 

^6^*    Mgl  IMg    ^6^* 

This  substance   separated   in   yellow  crystals,  soon  assuming  a  brown 
colour. 

0-2969  gave  00350  MgO.     Mg  =  7-07. 

0-1330     „     0-0906  Agl.     1  =  36-81. 

0-3458     „     9  0  c.c.  nitrogen  at  13-5^  and  767  mm.     N  =  3-09. 

C^oH^gNJ.Mg.,  requires  Mg  =  7-12  ;  1-37-72  ;  N  =2-77  per  cent. 

Hexamethylacridine  dimagnesium-methiodide, 

HMeC<  >Nf  Mgl     or      r.r>^(  >N^MgI. 

\c,HMe3/      XMgl  ^^^°        ^C.HMeg/       ^Me 

A  dull  red  compound  which  slowly  separated  and  became  quite  scarlet 
on  drying  at  110°. 

0-1654  gave  0  0212  MgO.     Mg  =  7  69. 
01362     „     0-1055  Agl.     1  =  41-86. 

Cj^Hj-NlgMg.,  requires  Mg  =  8-06  ;  1  =  42-68  per  cent. 

The  corresponding  hexamethylacridine  magnesium-ethiodide  was 
prepared  ;  it  resembles  the  methyl  analogue  in  appearance,  but  it  has 
not  been  found  possible  to  obtain  it  in  a  state  of  purity. 

I)i-B-naphthacridine  trimagnesium-eihiodide, 
n    TT       ^^  ^^    n    TT 

was  obtained  in  canary-yellow  crystals. 

0-1872  gave  0-0196  MgO.     Mg  =  6-28. 
0-1056     „     0-0627  Agl.     1  =  32-08. 

C^gH^^NglgMgg  requires  Mg  =  6-5D  ;  1  =  34-69  per  cent. 

Di-^-naphthacridine  trimagnesium-i^obutyliodide, 
l-ioUe     Mgl       IMg  ^i""' 
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This    compound  was  obtained  in  canary-yellow  crystals,  resembling 
the  preceding  substance. 

0-4028  gave  0-0446  MgO.     Mg  =  6-64. 
0-1506     „     0-0902  Agl.     1  =  32-36. 

Cg^H^gNalgMga  requires  Mg  =  6-09;  1  =  32-23  per  cent. 

Queen's  College, 
Galway. 


CXLVI. — Neiv      Method     of     determining     Molecular 

Weights. 

By  Philip  Blackman. 

As  is  well  known,  isotonic  solutions  of  different  substances  in  the 
same  solvent  have  equal  vapour  pressures.  Hence,  if  two  solutions 
with  their  vapours  in  communication  be  allowed  to  attain  equilibrium, 
the  final  volumes  of  the  two  solutions  will  be  inversely  proportional  to 
the  number  of  dissolved  molecules. 

This  stage  of  equilibrium  is  represented  by  the  formula 

(w^,  w^,  are  the  respective  weights  of  the  substances  of  molecular 
weights  m^,  m^,  dissolved  in  the  solvent  of  volumes  v^,  v.j,  after  the 
foregoing  state  of  equilibrium  has  been  reached).  This  principle 
is  applied  by  Barger  in  his  method  of  determining  molecular  weights 
(Trans.,  1904,  85,  286). 

The  apparatus  consists  of  two  graduated  test-tubes,  containing  the 
solutions,  joined  by  a  T-piece,  with  a  bvilb  in  each  of  the  limbs  of  the 
U-piece  ;  the  T-piece  is  open  at  all  its  three  ends.  The  solutions  are 
heated  in  a  suitable  bath,  the  temperature  being  measured  by  a 
thex'mometer. 

A  suitable  weight  (0-05 — 0-1  gram)  of  the  substances,  the  molecular 
weights  of  which  are  to  be  compared,  are  introduced  into  the  test- 
tubes,  and  then  dissolved  in  the  solvent  (which  should  not  fill  much 
more  than  half  the  test-tubes).  The  test-tubes  are  fixed  by  means  of 
wooden  corks  to  the  T-piece,  and  the  solutions  are  gently  boiled  in  an 
air-bath,  but  preferably  a  water  (or  other  liquid)  bath.  The  volumes 
of  the  solution  are  noted  from  time  to  time,  and  the  formula  is  applied 
to  calculate  the  results. 

The  advantages  claimed  for  this  method  are  :  (1)  the  apparatus  is 
of  very  simple  construction  ;  it  is  cheap,  and  easily  manipulated ;  (2) 
good  results  can  be  obtained  in  a  short  time. 
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Precautions. — (1)  The  working  and  calculations  are  simplified  by 
using  equal  weights  of  the  substances  the  molecular  weights  of  which 
are  to  be  compared.     By  putting  w^  =  Wo.  the  above  equation  becomes 

(2)  The  solvent  used  should  be  as  pure  as  possible.  The  first  few 
readings  must  be  rejected,  as  it  takes  some  time  for  the  solutions  to 
boil  down  to  the  state  of  equilibrium  represented  by  the  equation. 
When  the  volume  of  either  solution  becomes  small  (about  1"5  c.c),  all 
further  readings  should  be  rejected, 

as  the  results  are  vitiated  by  the 
deposition  of  the  dissolved  sub- 
stance on  the  walls  of  the  appa- 
ratus. 

(3)  Neither  substance  must  be 
volatile  in  the  vapour  of  the 
solvent. 

(4)  The  bath  must  be  kept  as 
nearly  as  possible  about  2°  to  3° 
above  the  boiling  points  of  the 
solutions,  as  the  solutions  are  apt 
to  boil  irregularly.  To  minimise 
as  much  as  possible  any  risk  of 
violent  ebullition  (and  consequent 
danger  of  mixing  the  solutions), 
short  pieces  of  thin  platinum  wire 
should  be  introduced  into  the  solu- 
tions. The  apparatus  should  also 
be  frequently  agitated  in  order 
still  further  to  ensure  regular 
ebullition.  This  may  be  done 
without  danger  of  leakage  by  oc- 
casionally tapping  the  tubes  agaiost 
the  sides  of  the  bath. 

(5)  The  apparatus  should  not  be 

clamped ;  it  should  be  freely  suspended,  so  that  if  any  indication  of 
violent  boiling  is  observed  the  apparatus  may  be  quickly  lifted  out  of 
the  bath  for  a  few  seconds. 

(6)  If  the  solution  is  kept  at  the  temperature  at  which  the  more 
volatile  solution  of  smaller  molecular  concentration  boils,  it  will  be 
observed  that  this  solution  slowly  diminishes  in  volume,  while  the 
other  remains  almost  unchanged.  The  two  then  boil  together  when 
the  equilibrium  stage  has  been  attained.  Thus,  by  very  careful 
working,  the  desired  comparison  may  be  effected  in  one  reading. 


1476 


BLACKMAN:    NEW   METHOD   OF 


(7)  The  results  should  be  checked  by  repeating  the  experiment, 
using  another  standard  compound  of  known  molecular  weight,  and 
also,  if  possible,  by  employing  another  solvent. 

(8)  The  use  of  a  condenser  with  the  upright  tube  of  the  T-piece  will 
prevent  to  some  extent  the  loss  of  solvent. 

Results. — (1)  The  following  experiment  bears  out  the  relation 
v-^^jv.j  —  wjwo  (obtained  from  the  first  equation  by  putting  m^  =  m^). 

m-Dinitrobenzene,  0*15  and  0'05  gram  dissolved  in  pure  ether.  Air- 
bath  used.     Time,  2^  hours. 


(0-05  gram). 
175  c.c. 
1-65    ,, 
1-50    ,, 
1-40    ,, 


■Vo  (0"15  gram). 

"  5-25  c.c. 

5-00    ,, 

4-80    ,, 

4-70    ,, 


v.Ji\.  j    x-j  (0'05  gram).  r„  (0  15  gram),  rjvi. 

3-00                   1-30  c.c.  "  4-50  c.c.  3-46 

3-03                   1-00    „  3-00    ,,  3-00 

3-20  !          0-75    .,  2-10    ,,  2-80 

3-36  I         0-70    ,,  200    „  2-86 

I  Meau 3-09 

I  Required  theoretically     3'00 

(2)  The  following  experiment  bears  out  the  relation  v^  =  Vg 
(obtained  from  the  first  equation  by  putting  mjm^  =  wjw.^)' 

0"08  gram  of  resorcinol  (vg)  compared  with  O'lO  gram  of 
/S-naphthol.     Solvent,  pure  ether.    Air-bath  used.     Time  =  90  minutes. 


(c.c). 

r^  (c.c). 

^■Jr,. 

6-5 

6-5 

1-00 

6  0 

6-0 

1-00 

5-7 

5-6 

1-02 

5-5 

5-5 

1-00 

5-0 

5-0 

1-00 

4-8 

4-8 

1-00 

4-5 

4-4 

1  02 

v,{c.c.}. 

v.icc). 

vjv,. 

4-0 

4-0 

1-00 

3-7 

3-7 

1-00 

3-5 

3-4 

1-03 

3  0 

3-0 

1-00 

2-5 

2-4 

1-04 

2-0 

1-9 

1-05 

Mean 1-014 

Required  theoretically     0'955 


(3)  Determination  of  molecular  weight  of  quinol  (v.^)  by  comparison 
with  ^-naphthol  (v^). 

Equal  weights  of  each  (0-1  gram  each).  Solvent  used,  pure  ether. 
Air-bath  employed.     Time=  110  minutes. 


(c.c). 

r,(cc). 

Vri/Vl 

4-5 

5-5 

1-22 

4-0 

5-2 

1-30 

3-5 

4-6 

1-31 

3-0 

4-0 

1-33 

2-5 

3-4 

1-29 

V,  (cc). 
2-2 
1-8 
1-7 


t'a  (c.c). 
3-1 
2-7 
2-5 


1-41 
1-50 
1-47 


1-356 


Hence,  M.W.  =  144 -f  1-356 
Calculated  M.W. 


106-2 
110-0 


(4)  Determination  of  molecular  weight  of  ^>toluidine  (vj)  by  com- 
irisou    with    a-naphth}  lamine  (v.^). 
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Solvent,   pure  ether.     Air-hath   used. 
weights  (0"1  gram)  of  each  employed. 


(c.c). 

r.,  (cc). 

'^■•21^1 

6-0 

5-0 

0-83 

5-7 

4-7 

0-82 

5-5 

4-2 

0-76 

5-4 

4-0 

0-74 

5-3 

3-D 

0-74 

5-2 

3-7 

0-72 

Time 

=  90  mimi 

tes 

.     E 

(c.c). 

r.3(c.c.). 

Vt'i- 

5-0 

3-6 

0-72 

4-5 

3-2 

0-71 

4-1 

3-0 

0-74 

3-8 

2-8 

0-73 

Jlean 

0-75 

Equal 


Hence,  M.W.  =  143  x  0-75  =  107-2 
Calculated  M.W.  =  107-0 


(5)  Determination  of  molecular  weight  of  quinol  {v.^  by  comparison 
with  phenol  {v^). 

Equal  weights  of  each  (O'l  gram).  Solvent,  pure  ether.  Air-bath 
used.     Time  =  60  minutes. 


'"i  (c 


c.c). 

v^{c.c.). 

V^jVo. 

•0 

7-0 

1-14 

-7 

6-5 

1-18 

-4 

6-3 

1-18 

-1 

6-0 

118 

•0 

5-5 

1-27 

•8 

5-4 

1-26 

•4 

5-0 

1-28 

•0 

■s 

4-7 
4-5 

1-27 
1  -28 

(cc). 

r2(cc). 

^'lA-2- 

5-5 

4-3 

1-28 

5-0 

4-0 

1-25 

4-5 

3-5 

1-28 

4-0 

3-0 

1-33 

3-7 

2-8 

1-32 

3-5 

2-6 

1-34 

Mean 

..     l-25( 

Hence,  M.W.  =94  x  1-256  =  118-1 
Calculated  M.W.  =  llO'O 


(6)  Determination  of  the  molecular  weight  of  p-nitrotoluene  (vj) 
with   7?i-dinitrobenzene  {y.^. 

Equal  weights  (0-05  gram  each).  Solvent,  pure  ether.  Air-bath 
used.     Time  =  60  minutes. 


(cc). 

Vo  (c.c). 

v,lv,. 

t'l  (cc 

).         r.,(cc). 

vjv^. 

5-9 

5-0 

1-18 

3-7 

3-0 

1-23 

5-5 

4-5 

1-22 

3-5 

2-9 

1-20 

4-7 

4-0 

1-17 

3-2 

2-5 

1-28 

4-2 

3-0 

1-20 

4-0 

3-2 

1-22 

Mean 

1-21 

Hence, 

M.W.  =  168  ^1-21 
Calculated  M.W. 

=  138-8 
=  137  0 

(7)  Determination  of  molecular  weight  of  hydrazobenzene  (vj)  by 
comparison  with  ^-naphthylamine  (vg)- 

Equal  weights  of  each  (0-05  gram).  Solvent  pure  ether.  Air-bath 
used.     Time  =  1 1  hours. 


VOL.    LXXXVII. 


5    F 


14/ 


I 

BLACKMAN 

(c.c). 

^2  (c.c 

).        V^i- 

4-5 

5-8 

1-28 

4-0 

5-0 

1-25 

3-5 

4-2 

1-20 

3-0 

3-8 

1-26 

NEW   METHOD   OF 


(C.C.) 

Vojc.c). 

vjt\. 

27 

3-5 

1-29 

2-5 

3-2 

1-28 

2-0 

2-5 

1-25 

Mean 

...     1-26 

Hence,  M.W.  =  143  x  1-26  =  180-1 
Calculated  M.W.  =  184-0 


(8)  Determination  of  moleculai'  weight  of  ^^-chloronitrobenzene  (v^) 
by  comparison  with  ^;-nit)-oaniline  (v^). 

Equal  weights  (O'OS  gram).  Solvent,  ether  (b.  p.  34—36°).  Time  = 
80  minutes. 


(CO.) 

1-2  (c.c). 

V^i- 

4-8 

5-0 

1-04 

4-4 

4-5 

1-02 

4-2 

4-4 

1-05 

3-9 

4-2 

1-08 

3-8 

4-1 

1-07 

3-7 

4-0 

1-08 

3-5 

3-9 

1-11 

3-4 

3-8 

1-12 

3-3 

3-7 

1-12 

Vi  (c.c).  ^2  (c.c). 


■»'2A'l 


3 

1 

3-6 

1-16 

3 

0 

3-5 

1-17 

2 

8 

3-3 

1-17 

2 

5 

3-0 

1-20 

2 

0 

2-5 

1-25 

1 

8 

2-3 

1-27 

1-5 

2-0 

1-33 

Mean 

...     1-14 

Hence,  M.W.  =  138  x  1-14  =  157-3 
Calculated  M.W.  =  156-5 


(9)  Determination  of  molecular  weight  of  acenaphthene  (v^)  by 
comparison  with  a-bromonaphthalene  (v^). 

Equal  weights  (0-05  gram  each).  Water-bath  used.  Solvent,  ether 
(b.  p.  34—36°).     Time  =  50  minutes. 


(cc). 

^•o  (c.c). 

■"iM 

7-5 

5-7 

r3i 

7-4 

5-5 

1-34 

6-0 

5-0 

1-20 

5-9 

4-7 

1-25 

5-7 

4-2 

1-35 

5-2 

4-0 

1-30 

Vi  (c.c). 
5-0 
4-9 
4-8 
4-6 


V2  (c.c). 
3-7 
3-6 
3-4 
3-2 
2-7 


Mean. 


1-35 
1-36 
1-41 
1-44 
1-40 

1-337 


Hence,  M.W.  =  207-r  1-337  =  154-8 
Calculated  M.W.  =  156-0 


(10)  Determination  of  molecular  weight  of  j9-dibromobenzene  (vg) 
by  comparison  with  iodoform  (v-^). 

Equal  weights  (0-05  gram  each).  Solvent,  ether  (b.  p.  34 — 36°). 
Water-bath  used.     Time  =  75  minutes. 
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Vi  (c.c). 

v^  (c.c). 

vjv. 

6-0 

7-8 

1-30 

5  5 

7-3 

1-32 

5-2 

7  0 

1-34 

5-0 

>     6-9 

1-38 

4-9 

6-8 

1-39 

4-5 

6-3 

1-40 

4-3 

6-2 

1-44 

4-0 

6-1 

1-52 

3-7 

6-0 

1-60 

(c.c). 

n,  (cc). 

VoMj^ 

3-4 

5-9 

1-73 

3-2 

5-8 

1-81 

3  0 

5-7 

1-90 

2-8 

5-4 

1-92 

2-5 

4-8 

1-92 

2-4 

4-5 

1-87 

2-0 

3-6 

1-80 

Mean. 


...     1-665 

Hence,  M.W.  =394 -r  1-665  =  236- 
Calculated  M.W.  =  235- 


(11)  Determination  of  molecular  weight  of  a-tokiic  acid  (v■^)  by 
compai'ison  with  m-cresotinic  acid  (v^). 

Equal  weights  of  each  (0'05  gram).  Water-bath  used.  Solvent, 
ether  (b,  p.  34—36°).     Time  =  40  minutes. 


i\  (cc). 

v.,  (cc). 

^l/^'2 

6-7 

6-2 

1-08 

6-3 

5-8 

1-08 

6-0 

5-3 

1-13 

5-6 

5-0 

1-12 

5-0 

4-5 

1-11 

4-5 

4-0 

1-12 

4-0 

3-G 

1-11 

(c.c). 

^.(cc). 

^]/l2 

3-8 

3-5 

1-08 

3-5 

3-1 

1-13 

3-0 

2-7 

1-11 

2-8 

2-5 

1-12 

2-5 

2-3 

1-09 

2-4 

2-0 

1-20 

Mean 

...     I'llJ 

Hence,  M.W.  =152^1-114  =  136-4 
Calculated  M.W.  =  136-0 


(12)  Determination  of  molecular  weight  of  carbazole  (v.,)  by 
comparison  with  resorcylic  acid  (v^). 

Equal  weights  (0-05  gram).  Solvent,  ether  (b.  p.  34—36°).  Water- 
bath  used.     Time  =  50  minutes. 


■^1  (c.c).         r,2(c.c.). 


105 
1-05 
1-04 
1-07 
1-07 
1-10 
1-11 
1-12 
1-12 


vj^  (cc). 

^2  (c.c). 

vjv^ 

3-4 

3-0 

1-13 

3-1 

2-8 

1-10 

3-0 

2-7 

1-11 

2-8 

2-5 

1-12 

2-6 

2-4 

1-08 

2-5 

2-2 

1-12 

2-2 

2-0 

1-10 

Mean 

...     1-09 

Hence,  M.W.  =154  x  1-093  =  168-3 
Calculated  M.W.  =  167  0 


(13)  Determination    of    molecular    weight   of    l-bromo-2  : 4-dinitro- 
benzene  (v^)  by  comparison  with  l-chloro-2  :  4-dinitrobenzene  (v.^). 

Solvent,  ether  (b.  p.  34—36°).     Water-bath  used.     Equal  weights 
(0-05  gram).     Time  =  50  minutes, 
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Vl  (c.c). 

t'aCcc). 

v^lv^. 

6-5 

7-3 

1-13 

6-0 

7-0 

1-16 

5-5 

6-6 

1-20 

5-3 

6-5 

1-22 

5-0 

6-2 

1-24 

4-8 

6-0 

1-25 

(c.c). 

1-2  (c.c). 

v^jv^. 

4 -.5 

5-6 

1-24 

4-0 

5-0 

1-25 

3-5 

4-5 

1-28 

3-2 

4-0      • 

1-25 

Mean 

...     1-22 

Hence,  M.W.  =202-5  x  1-222  =  247-4 
Calculated  M.W.  =  246-9 


(14)  Determination  of  molecular  weight  of  l-chloro-2  : 4-dinitro- 
benzene  {v.^  by  comparison  with  cinnamic  acid  (u^). 

Equal  weights  of  each  (0-05  gram).  Solvent,  ether  (b.  p.  34 — 36°). 
Water-bath  vised.     Time  =  50  minutes. 


l'l(C.C.). 

r^lc.c). 

Vl/^-2- 

V,  (c.c. 

).        t-.,  (c.c).           v^lv^. 

6-2 

5-0 

1-22 

4-0 

3-0                 1-33 

5-8 

4-7 

1-23 

3-5 

2-5                 1-40 

5-5 

4-4 

1-25 

3-0 

2-1                 1-43 

-5-2 

4-0 

1-30 

2-8 

2-0                 1-40 

4-8 

3-7 

1-30 

2-5 

1-7                 1-47 

4-2 

3-2 

1-31 

Hence, 

Mean 1-33 

M.W.  =  148x1-33  =  196-8 
Calculated  M.W.  =  208-0 

(15)  Determination  of  the  molecular  weight  of  a-naphthol  (v^)  by 
comparison  with  l-bromo-2  :  4-dinitrobenzene  (v.,). 

Equal  weights  (0-05  gram  each).  Solvent,  ether  (b.  p.  34 — 36°). 
Water- bath  used.     Time  =  40  minutes. 


(cc). 

r,(cc). 

^'l/'-2- 

6-6 

4-0 

1-65 

6-5 

3-8 

1-70 

5-9 

3-1 

1-90 

5-7 

3-0 

1-90 

5-5 

2-9 

1-90 

(cc). 

v^  (cc). 

v,lv.. 

4-2 

2-6 

1-61 

3-6 

2-4 

1-50 

3-2 

2-0 

1-60 

Mean. 

...     1-72 

Hence,  M.W.  =247 -M -72  =  143-6 
Calculated  M.W.  =  144-0 


East  London  Technical  College, 
London,  E. 
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CXLVII.  —  a  -  BenzyljDhenylallylmethylammonmm  Com- 
pounds: a  Complete  Series  of  Four  Optically  Active 
Salts. 

By  Alfked  William  Harvey. 

The  first  undoubted  direct  evidence  pointing  to  complete  proof  of  the 
existence  of  optically  active  asymmetric  ammonium  compounds  was 
published  by  Pope  and  Peachey  (Trans.,  1899,  75,  1127),  when 
they  resolved  externally  compensated  a-benzylphenylallylmethyl- 
ammonium  iodide  into  its  enantiomorphously  related  components  by 
treating  the  inactive  iodide  with  the  silver  salt  of  Reychler's 
d!-camphorsulphonic  acid,  and  thus  obtained  compounds  containing  the 
active  ion  -N(C,H-)(CglT,)(C3H,)-CH3. 

This  work  was  afterwards  repeated  and  extended  by  Pope  and 
Harvey  (Trans.,  1901,  79,  828),  who,  by  the  aid  of  d-  and  ^camphor- 
sulphonic  acids,  prepared  c/-a-benzylphenylallylmethylammonium  d- 
camphorsulphonate  and  /-a-benzylphenykllylmethylammonium  ^-cam- 
phorsulphonate.  They  failed,  however,  to  obtain  the  salts  having 
opposite  rotatory  powers  of  an  equal  arithmetical  value. 

Three  most  highly  purified  samples  of  f^benzylphenylallylmethyl- 
ammonium  c?-camphorsulphonate,  on  determining  their  rotatory  power, 
gave  a  mean  molecular  rotatory  power  [M]d  +  218"1°,  whilst  that  of 
three  most  highly  purified  samples  of  the  IBIA  salt  gave  a  mean 
molecular  rotatory  power  [M]d  -  210'8°.  This  discrepancy  was  greater 
than  could  be  ascribed  merely  to  experimen'al  error  in  the  determina- 
tions, and  all  attempts  to  raise  the  arithmetical  value  of  the  molecular 
rotatory  power  of  the  Ifevo-salt  to  that  of  its  dextro-isomeride,  by 
-means  of  fractional  crystallisation,  failed;  and  finally  the  further 
investigation  of  this  anomaly  was  abandoned  owing  to  lack  of  material. 

A  similar  difference  was  also  experienced  between  the  rotatory 
powers  of  the  iodides  of  the  dextro-  and  Isevo-bases.  The  specific 
rotation  of  the  iodides  was  detdrmined  iu  cold  chloroform.  The  highest 
number  obtained  for  the  dextroiodide  was  [a]^  +  55-4°,  and  that  of  the 
Ijevo-iodide  was  [ajo  -  53-4°. 

It  should  be  noted  that,  just  as  the  purest  sample  of  the  IBlA  salt  of 
camphorsulphonic  acid  has  a  lower  specific  rotatory  power  than  its 
enantiomorphously  related  isomeride,  so  the  iodide  of  the  laivo-base 
gave  a  lower  value  than  did  its  dextro-isomeride. 

The  object  of  this  research  was  to  investigate  these  anomalies,  to 
endeavour  to  obtain  d-  and  ^-benzylphenylallylmethylammonium  com- 
pounds of  equal  arithmetical  value,  and  to  ascertain  the  cause  which 
led  to  the  previous  discrepancy. 
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Resolution  of  a-Benzylphenylallylmethylammonium  Iodide, 

The  method  which  is  now  adopted  for  the  resolution  of  externally 
compensated  a-benzylphenylallylmethylammonium  iodide  differs  some- 
what from  that  given  in  the  account  of  the  previous  work  on  this 
subject  {loc.  cit.).  The  quaternary  iodide  is  boiled  with  one  molecular 
proportion  of  silver  cZ-camphorsulphonate  in  well-dried  acetone  until 
the  interaction  is  complete  ;  the  major  portion  of  the  acetone  is  then 
distilled  off  and  the  residue  set  aside  in  a  desiccator  and  protected 
from  light*  until  solid  ;  this  usually  requires  about  three  days. 

The  solid  mixture  of  silver  iodide  and  camphorsulphonate  salts  is 
then  placed  in  a  Soxhlet  apparatus,  the  aperture  at  the  bottom  of 
which  has  been  previously  plugged  with  finely  shredded  asbestos,  and 
the  material  extracted  in  the  usual  way  with  the  least  possible 
quantity  of  ethyl  acetate.  When  the  solvent  in  the  boiling  flask 
becomes  supersaturated,  the  camphorsulphonate  salts  crystallise  out 
from  the  boiling  solution. 

After  the  extraction  is  complete,  the  contents  of  the  flask  are  cooled 
and  the  solid  salts  are  sepai-ated  from  the  solvent  by  filtration.  In 
this  way  the  quantity  of  camphorsulphonate  salts  obtained  amounted 
to  96  per  cent,  of  the  theoretical  yield.  It  is  convenient  to  use  a 
Soxhlet  apparatus,  because  these  salts  are  not  readily  soluble  in  dry 
ethyl  acetate  or  acetone,  and  it  was  found  that  as  much  as  5  grams  of 
nearly  pure  fZ-benzylphenylallylmethylammonium  c?-camphorsulphonate, 
from  a  resolution  of  30  grams  of  the  externally  compensated  iodide, 
remained  mixed  with  the  silver  iodide  when  the  separation  was  effected 
by  the  previous  method. 

After  the  camphorsulphonates  are  in  this  way  extracted  from  the 
silver  iodide,  the  separation  of  the  f^-a-benzylphenylallylmethyl- 
ammonium  cZ-camphorsulphonate  from  the  salt  of  the  Isevo-base  of  the 
dextro-acid  is  effected  by  means  of  fractional  crystallisation  from 
acetone.  The  Soxhlet  apparatus  is  used  to  effect  the  crystallisation 
because,  although  the  IBdA  salt  is  readily  soluble  in  acetone,  the 
dBdA  isomeride  is  most  sparingly  so,  and  thus  the  use  of  large 
quantities  of  solvent  is  avoided.  After  four  crystallisations,  the  dBdA 
salt  is  generally  obtained  quite  pure,  whilst  the  mother  liquors,  when 
protected  from  moisture  and  light,  on  evaporation  yield  a  clean  solid 
residue  consisting  of  nearly  pure  /[-benzylphenylallylmethylammonium 
(i-camphorsulphonate,    and    from    this,    on    solution     in    water    and 

*  These  precautions  are  necessary  because  a-benzylplieDylallylmethylammonium 
camphorsulphonates,  in  sohition  in  acetone  or  ethyl  acetate,  decompose  when  ex- 
posed to  moisture  or  to  light,  but  remain  unchanged  for  an  indefinite  period,  in 
solution,  when  protected  from  both  moisture  and  light. 
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subsequent  treatment  with  the  requisite  quantity  of  potassium  iodide, 
the  crystalline  iodide  of  the  active  Isevo-base  is  obtained. 

The  carefully  dried  crude  Isevo-iodide  is  digested  with  one  molecular 
proportion  of  silver  ^camphorsulphonate,  the  whole  process  of 
separation  from  silver  iodide  being  repeated  and  purification  effected  as 
described  above. 

di-Benzylphenylallylmethylavwionium  ^■Gampliorsulplionate, 
C,H,-CH2-N(CeH,)(C3H5)(CH3)-0-SO,-C,,H,,0. 

The  pure  salt  has  the  general  properties  previously  described  \  its 
melting  point,  171 — 173°,  is  the  same  as  stated  in  the  earlier  paper. 
In  order  to  ascertain  the  rotatory  constants,  a  highly  purified  sample 
of  the  salt  was  crystallised  twice  from  acetone,  and  the  rotatory 
powers  of  the  two  specimens  a  and  h  determined  in  aqueous  solution, 
with  the  following  results  : 

(«)  0"2449  gram,  made  up  to  25-0  c.c.  with  water  at  15°,  gave 
au  +0-91°  in  a  2  dcm-tube  ;  whence  [a]u  +46-4°  and  [M]d  +217-6°. 

(6)  0"2467  gram,  made  up  to  25'0  c.c.  with  water  at  15°,  gave 
ttD  +0-92°  in  a  2  dcm.  tube;  whence  [ajo  +46-6°  and  [MJ^  +218-6°. 

These  two  specimens  have  a  mean  molecular  rotatory  power 
[M]d  +  218*1°  and,  accepting  the  value  [M]d  +  51 -7°  given  by  Pope  and 
Peachey  (Trans.,  1899,  75,  1086)  for  the  molecular  rotatory  power  of 
the  c?-camphorsulphonic  ion,  that  of  the  (i-benzylphenylallylmethyl- 
ammonium  ion  is  obtained  as  [M]d  +166*4°,  a  value  which  is  iden- 
tical with  that  accorded  to  it  by  Pope  and  Harvey  (J,og.  cit.). 

VBenzylphenylallylmethylammonium  \-Camphorsulphonate. 

The  method  of  purification  and  general  properties  of  this  salt, 
which  is  now  obtained  pure  for  the  first  time,  are  similar  to  those  of 
its  enantiomorphously  related  isomeride,  and  agree  with  the  descrip- 
tion given  in  the  previous  account  of  this  substance ;  it  melts  at 
171 — 173°,  and  on  crystallising  a  highly  purified  sample  twice  from 
acetone,  the  rotatory  powers  of  the  two  specimens  a  and  h  were 
determined. 

(a)  0-2462  gram,  made  up  to  25-0  c.c.  with  water  at  17°,  gave 
aD-0-92°ina  2-dcm.  tube;  whence  [aj^  -  46-7°  and  [MJ^- 219-0°. 

(6)  0-2462  gram,  made  up  to  25-0  c.c.  with  water  at  19°,  gave 
aD-0-915°*ina  2-dcm.  tube;  whence  [a]D-46-4°  and  [M]d -  217-6°. 

These  numbers  show  that  the  salt  has  the  mean  molecular  rotatory 
power  [M]d-218"3°,  and  the  value  for  the  molecular  rotatory  power 

*  iieau  of  six  readings. 
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of  the  /-benzylphenylallylmetbylammonium  ion  is  as  [M]d- 166-6°, 
which  is  identical,  within  experimental  limits,  with  that  obtained 
for  its  enantiomorphously  related  isomeride. 

\-Benzylphenylallylmethylammonium  d-Camphorsulphonate. 

All  attempts  to  purify  this  salt  by  fractionally  crystallising  the  crude 
product  contained  in  the  mother  liquors  obtained  by  the  resolution  of 
the  externally  compensated  compounds  failed.  This  salt,  which  was  first 
obtained  in  a  crude  state  and  desciibed  by  Pope  and  Peachey  (loc.  cit.), 
is  now  prepared  pure  by  regenerating  the  iodide  of  the  base  from  pure 
^-benzylphenylallylmethylammonium  ?-camphorsulphonate  by  treat- 
ment with  potassium  iodide  in  aqueous  solution.  The  iodide  is  then 
dried  and  digested  with  one  molecular  proportion  of  silver  cZ-camphor- 
sulphonate  in  acetone,  the  subsequent  treatment  being  similar  to 
that  of  the  other  camphorsulphonic  salts  described  above,  with  the 
exception  that  ethyl  acetate  is  used  as  the  solvent  to  effect  the  purifi- 
cation by  recrystallisation. 

The  carefully  purified  material  melts  at  155 — 156°,  and  on  crystal- 
lising it  twice  from  ethyl  acetate  the  rotatory  powers  of  the  two  frac- 
tions a  and  6  were  determined. 

(a)  0'2996  gram,  made  up  to  250  c.c.  with  water  at  1-1°,  gave 
ap- 0-57°  in  a  2-dcm.  tube  ;  whence  [ajo- 23-8°  and  [MJ^- 111-6°. 

(b)  0-2959  gram,  made  up  to  25-0  c.c.  with  water  at  15°,  gave 
aD-0-57°  in  a  2-dcm.  tube;  whence  [a  Jd  -  24-0°  and  [MJ^- 112-5°. 

Thus  the  mean  molecular  rotatoi-y  power  is  [M]d-  112°,  a  number 
which  compai-es  well  with  the  molecular  I'otatory  power  [MJ^,  -  114-9° 
obtained  by  calculation  from  the  molecular  rotatory  power  of  ^-benzyl- 
phenylallylmethylammonium  Z-camphorsulphonate. 

di-Benzylphenylallylmethylammonium  \-Camphorsulphonate. 

The  method  of  preparation  and  purification  and  the  general  proper- 
ties of  this  salt,  now  described  for  the  first  time,  are  similar  to  those 
of  its  enantiomorphously  related  isomeride  ;  it  melts  at  155 — 156°. 

A  carefully  purified  sample  was  crystallised  twice  from  ethyl  acetate 
and  the  rotatory  powers  of  the  two  specimens  a  and  h  determined. 

(a)  02501  gram,  made  up  to  25*0  c.c.  with  water  at  13°,  gave 
aD  +  0-46°in  a  2-dcm.  tube;  whence  [a]D  + 24-0°  and  [Mj^-f- 112  5°. 

{h)  0-2508  gram,  made  up  to  250  c.c.  with  water  at  13°,  gave 
00  + 0-48°  in  a  2-dcm.  tube;  whence  [a]D  + 23-9°  and  [M]d+1120°. 

This  salt  has  thus  a  mean  molecular  rotatory  power  [M]d+  112-2°, 
a  value  which   is   identical,  within   the   limits  of   experimental  error, 
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with  that  assigned  to  its  enantiomorphously  related  isomeride  and 
with  the  value  [M]i3+ 1 14-7°,  which  is  obtained  by  calculation  from 
fZ-benzylphenylallylmethylammonium  c?-camphorsulphonate. 

A  complete  series  of  four  salts  of  optically  active  ammonium  com- 
pounds of  the  type 

dBclA   .  IBlA 
IBdA    '  dBlA 
has  thus  been  prepared. 

A  comparison  of  the  melting  points,  molecular  rotatory  powers,  and 
solubilities  in  acetone  and  ethyl  acetate  of  these  salts  is  given  below. 


Salt. 

Melting  point. 

[M].. 

Solubility 

in 
acetone. 

Solubility 

in 

ethyl  acetate. 

dBdA  

IBlA    

dBlA   

IBdA  

171—173° 
171—173 
155—156 
155—156 

+2i8-r 

-218-3 
+  112-2 
-112-0 

Sparingly 
Readily 

Sparingly 

d-BenzyljjJienylallylmetJii/laminonium  Iodide. 

c?-Benzylphenylallylmethylammonium  iodide  is  obtained  by  treating 
pure  cZ-beQzylphenylallylmethylammonium  cZ-camphor.-^ulphouate  with 
the  requisite  quantity  of  potassium  iodide  in  aqueous  so'ution.  The 
precipitated  iodide  of  the  base  is  separated  by  filtration,  thoroughly 
washed  with  water,  pressed  on  a  porous  plate,  and  dried  over  sulphuric 
acid  for  some  days.  The  general  properties  of  this  salt,  which  melts 
at  147°,  are  ths  same  as  those  described  in  the  previous  paper,  except 
that  it  undergoes  partial  inversion  when  crystallised  from  hot  alcohol. 
The  inversion  takes  place  less  rapidly  when  the  solution  is  effected  in 
the  absence  of  light. 

The  specific  rotatory  power  of  the  dried  iodide  was  determined  in 
cold  chloroform. 

0-2775  gram,  made  up  to  25-0  c.c.  with  cold  chloroform  at  14°, 
gave  aD  +  l-26'^in  a  2-dcm.  tube;  whence  [a]D  +  56-7°. 

This  value  is  1-5°  higher  than  that  assigned  to  it  by  Pope  and 
Harvey  (loc.  cit.)  in  the  previous  paper  on  this  subject. 

The  iodide  was  then  crystallised  fi'om  hot  alcohol  and  the  specific 
rotation  determined  with  the  following  result  : 

0-2471  gram,  made  up  to  25*0  c.c.  with  cold  chlorofoi-m  at  14°,  gave 

aD+  101°  in  a  2-dcm.  tube  ;   whence  [a]D+  51-0°. 
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This  decrease  in  the  optical  activity  of  the  crystallised  iodide  points 
to  inversion,  because  the  crystallisation  was  performed  by  gaslight 
and  there  was  no  trace  whatever  of  decomposition  having  taken  place. 
The  iodide  was  again  crystallised  from  hot  alcohol,  but  this  time  only 
a  very  small  crop  of  crystals  was  separated — about  one-tenth  of  the 
quantity  dissolved — and  the  optical  activity  determined. 

0'2046  gram,  made  up  to  25-0  c.c.  with  cold  chloroform  at  16°,  gave 
aD  +  0'92°  in  a  2-dcm.  tube;  whence  [a]D  +  56-2°. 

This  result  confirms  Pope  and  Peachey's  statement  (loc.  cit.)  that  the 
dextro-iodide  is  less  soluble  in  hot  ethyl  alcohol  than  the  externally 
compensated  salt. 

As  it  was  possible  that  the  high  number  first  obtained  for  the 
specific  rotatory  power  of  the  iodide  might  be  due  to  its  being  con- 
taminated with  the  potassium  salt  of  cZ-camphorsulphonic  acid,  a  blank 
experiment  was  made  with  the  externally  compensated  iodide.  The 
camphorsulphonate  salt  of  the  base  was  prepared  from  it,  the  iodide 
again  regenerated,  washed,  and  dried.  This  iodide,  on  examination, , 
was  fou.nd  to  be  inactive,  showing  that  it  was  most  improbable  that 
the  high  number  obtained  for  the  specific  rotatory  power  of  the  dextro- 
iodide  was  in  any  way  due  to  admixture  of  the  potassium  c?-camphor- 
sulphonate.  A  further  proof  of  the  inversion  of  the  active  iodide 
in  alcohol  was  obtained  by  dissolving  the  iodide  having  [a]o  +  56'7°  in 
hot  alcohol,  distilling  off  most  of  the  solvent,  and  allowing  the  re- 
mainder to  evaporate  spontaneously.  After  three  days,  the  iodide  was 
quite  solid  and  dry  and  showed  no  trace  of  decomposition.  A  deter- 
mination of  its  optical  power  was  made. 

02052  gram,  made  up  to  25'0  c.c.  with  cold  chloroform  at  15°,  gave 
aj)  +  0-16°  in  a  2-dcm.  tvibe  ;  whence  [ajj,  -1-  9-7°. 


1-  Benzylphenylallylmethylammonium  Iodide. 

This  salt  was  prepared  from  the  corresponding  ^-camphorsulphonate 
salt  of  the  Isevo-base  in  the  same  way  as  its  enantiomorphously  related 
isomeride.  After  being  well  dried  over  sulphuric  acid,  and  without 
being  recrystallised,  it  melts  at  147°,  and  gives  the  following  rotatory 
power  determination : 

0'2507  gram,  made  up  to  25 "0  c.c.  with  cold  chloroform  at  14°,  gave 
ao  -  1'14°  in  a  2-dcm.  tube  ;  whence  [a]i,  -  56*8°. 

This  value  is  identical  within  experimental  limits  with  that  of  the 
iodide  of  the  dextro-base. 
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CXLVIII. — Synthesis  of  1  :  l-Dimethylhexahydrohenzene 
and  of  1  :  I- Dimethyl- i^^-Tetrahydrohenzene. 

By  Aethur  William  Crossley  and  Nora  Renouf,  Salters'  Research 
Fellow. 

In  1901,  Zelinsky  and  Lepeschkin  (Annalen,  1901,319,  303)  published 
a  communication  entitled  "  Ueber  Dimethylhexamethylen  aus  Kam- 
phersaure,"  in  which  they  describe  the  preparation  of  the  same 
saturated  cyclic  hydrocarbon,  CgH^g,  from  laurolene  (CgH^^)  and 
isolaurolene.  These  authors  concluded  that  the  hydrocarbon  was  a 
dimethylhexahydrobenzene,  and  as  it  was  not  identical  with  any  of 
the  then  known  dimethylhexahydrobenzenes,  with  the  methyl  groups 
in  the  1  :  2-,  1  :  3-,  and  1  : 4-positions,  they  believed  it  to  be  the  only 
remaining  one,  namely,  1  : 1 -dimethylhexahydrobenzene. 

The  question  of  the  constitution  of  Zelinsky  and  Lepeschkin's 
dimethylhexahydrobenzene  will  be  discussed  in  a  future  communica- 
tion ;  but  it  may  be  here  stated  that  it  is  certainly  not  identical  with 
1  : 1-dimethylhexahydrobenzene,  which  has  now  been  synthesised  ; 
and  there  can  be  no  doubt  whatever  about  the  constitution  of  this 
synthetical  product. 

The  prepai-ation  has  been  realised  by  starting  with  1  : 1-dimethyl- 
dihydroresorcin  (1),  which,  as  previously  shown  (Trans.,  1903,  83, 
117),  is  readily  converted  into  5-chloro-3-keto-l  :  1 -dimethyl- A.'^-tetra- 
hydrobenzene  (2)  by  the  action  of  phosphorus  trichloride. 

C(CH3)2  C(CH3),  C(CH3), 


HgC/    \CH2  H^C/    ^CH.,  H,Cf       ,^.., 

HO-CL     icO  Cl-CL      JCO"  HgCl       'CH-OH 

CH  CH  CH, 


When  this  chloroketone  is  reduced  with  sodium  in  moist  ethereal 
solution,  it  is  directly  converted  into  o-hych'oxy-l  :  l-dimethylhexahydro- 
benzene  (3),  which  gives  acetyl  and      benzoyl  derivatives   in  the  usua 
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manner.  The  yield  of  this  alcohol  is  not,  however,  so  good  as  could 
be  desired,  amounting  to  only  45  per  cent,  of  the  theoretical ;  and  it 
has  not  so  far  been  found  possible  to  avoid  the  production  of  large 
quantities  of  condensation   products,  which  have  not  been  completely 


It  has  been  shown  that  certain  derivatives  of  1  : 1-dimethyldihydro- 
resorcin  readily  undergo  transformations  necessitating  the  wandering  of 
one  of  the  methyl  gi^oups  (Crossley,  Trans.,  1904,  85,  "264),  and  in  order 
to  prove  that  such  was  not  the  case  with  hydroxydimethylhexahydro- 
benzene,  it  was  oxidised  with  dilute  nitx'ic  acid,  when  an  acid  having 
the  formula  CgHj^O^  was  obtained.  The  product  expected  was  either 
aa-  or  y8y3-dimethyladipic  acid,  according  as  to  whether  the  ring  had 
been  broken  on  one  or  the  other  side  of  the  hydroxyl  group. 


C(CH3), 

C(CH3), 

C(CH3)2 

< — 

HgCl      JCH-OH 

— > 

H2CI        ICO2H 

CH^ 

CH2 

CO2H 

Using  the  mixed  melting  point  method,  there  was  no  difficulty  in 
establishing  the  identity  of  the  above  acid,  CgH^^O^,  with  /3/3-dimethyl- 
adipic  acid  ;  thus  proving  beyond  doubt  that  3-hydroxy-l  :  1-dimethyl- 
hexahydrobenzene  contains  the  pfem-dimethyl  group.  Further,  1  o 
evidence  of  the  production  of  any  other  oxidation  product  could  be 
obtained,  although  careful  search  was  made.  For  this  purpose,  the 
mother  liquor  from  the  first  crop  of  crystals  of  /3;8-dimethyladipic 
acid  was  evaporated  to  dryness  and  the  residue  treated  with  acetyl 
chloride.  It  was  thought  that,  if  any  substance  such  as  ^^-dimethyl- 
glutaric  acid  or  fts-dimethyhsuccinic  acid  had  been  produced  during 
oxidation,  it  would  by  this  means  be  converted  into  its  anhydride, 
and,  therefore,  be  easily  separated  from  unaltered  adipic  acid  by  its 
insolubility  in  dilute  sodium  carbonate  solution.  But,  although  this 
method  was  carried  out,  no  product  other  than  ^/5-di  methyl  adipic  acid 
could  be  isolated.  It  would,  in  fact,  appear  probable  from  the  results 
obtained  that  /3^-dimethyladipic  acid  is  capable  of  forming  an 
anhydride,  a  point  which  is  being  investigated.* 

When  hydroxydimethylhexahydrobenzene  is  acted  on  with  acetic 
acid  saturated  with  hydrogen  bromide,  it  is  quantitatively  converted 
into  3-bromo-l  :  \-dimethylhexahydrohenzene  (4),  from  which  substance, 
by  reduction  with  zinc  dust  in  aqueous  alcoholic  solution,  1  :  l-dimethyl- 

*  Since  this  communication  was  written,  Blanc  [B%dl.  Soc.  chim.,  1905,  [ill],  33, 
893,  899)  has  published  a  paper  in  which  it  is  shown  that  both  aa-  and  ;3y3-dimethyl- 
adipic  acids  form  anhydrides  capable  of  yielding  anilic  acids  on  treatment  with 
aniline.  The  observations  of  tlie  present  authors  entirely  corroborate  these  state- 
ments as  regards  ;8j3-dimethyladipic  acid. 
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C(CH3), 

C(CH3), 

H^Cj^^CH, 

HoC/NcHa 

H2CI     JcHBr 

Hod       ICH2 

CH2 

CH2 

hexahydrobenzene  (5)  is  produced  in  somewhat  over  70  per  cent,  of  the 
theoretical  amount.  It  is  a  colourless,  refractive  liquid,  unattacked 
by  bromine  in  chloroform  solution  or  by  potassium  permanganate  and 
possessing  all  the  characteristic  pi'operties  of  a  saturated  naphthene 
hydrocarbon.  It  is  slowly  oxidised  by  fuming  nitric  acid,  the  product 
obtained  being  /3^-dimethyladipic  acid,  which  positively  establishes  its 
cof^stitution.  It  is  a  curious  fact  that  both  3-hydroxy-l  :  l-dimethyl" 
hexahydrobenzene  and  1 : 1-dimethylhexahydrobenzene  give  /8^-di- 
methyladipic  acid  on  oxidation,  without  apparently  the  production  of 
a  trace  of  the  corresponding  aa-acid.  Possibly  the  presence  of  the 
5'e?>i-dimethyl  group  exercises  an  influence  on  the  position  of  break  of 
the  ring  when  undergoing  oxidation. 

An  attempt  was  made  to  nitrate  1  :  l-dimethylhexahydrobenzene,  but 
without  any  great  success.  Ten  c.c.  of  the  hydrocarbon  gave,  on 
treatment  with  a  mixture  of  nitric  and  sulphuric  acids,  009  gram  of  a 
nitrogenous  substance  melting  at  113 — 114°,  but  its  constitution  could 
not  be  decided.  In  order  to  obtain  some  idea  of  the  nature  of  the 
reaction  which  had  taken  place,  the  sulphuric  acid  was  precipitated 
with  barium  hydroxide  and  the  organic  matter  resulting  from  evapora- 
tion of  the  filtrate  examined,  when  there  was  no  difficulty  in  establish- 
ing the  presence  of  oxalic,  dimethylmalonic,  and  as-dimethylsuccinic 
acids.  The  two  latter  acids  have  been  frequently  encountered  as 
oxidation  products  of  derivatives  of  dimethyldihydroresorcin  (Trans., 
1902,  81,  829  ;  1904,  85,  283),  their  production  in  the  present  case 
showing  that  the  action  of  a  nitrating  mixture  on  1  : 1-dimethylhexa- 
hydrobenzene is  an  oxidising  one,  the  degradation  going  further  than 
when  the  hydrocarbon  is  oxidised  with  nitric  acid  alone. 

C(CH3)2  C(CH3)2  C(CH3)2 

H2C|^^CH2        _^        H2Cj^\c02H 
H2C^^CH2  ^Q^jj 

CH2 

The  hydrocarbon  "  laurolene,"  CgH^^,  is  required  as  a  starting  point 
for  the  preparation  of  Zelinsky  and  Lepeschkin's  dimethylhexahydro- 
benzene,  and  it  was  therefore  considered  of  intei-est  to  prepare  a 
dimethyltetrahydrobenzene  (CgHj^)  corresponding  to  1  : 1-dimethylhexa- 
hydrobenzene and  compare  its  properties  with  those  of  laurolene.  The 
results  of  the  comparison  will  be  discussed  in  a  future  communication. 
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When  3-bromo-l :  1-dimethylhexahydrobenzene  is  treated  with 
alcoholic  potash,  the  elements  of  hydrogen  bromide  are  removed  and  a 
dimethyltetrahydrobenzene  results.  Its  unsaturated  nature  is  proved 
by  the  fact  that  it  absorbs  exactly  two  atoms  of  bromine,  but  in  con- 
tradistinction to  the  majority  of  unsaturated  hydroaromatic  hydro- 
carbons, it  is  characterised  by  its  stability. 

If  one  considers  the  formula  of  3-bi'omo-l  :  1-dimethylhexahydro- 
benzene (6),  it  is  evident  that  the  removal  of  the  elements  of  hydrogen 
bromide  from  this  substance  may  take  place  in  one  of  two  ways, 
giving  rise  to  hydrocarbons  of  the  same  molecular  formula,  CgHj^, 
but  having  the  double  bond  in  different  positions  : 


C(CH3), 

C{W,), 

C(CH3)2 

:2C^'\cH 

H^Cf^^CH, 

.C^JCH 

H^CI        'CHBr 

CH2 

CH2 

OH 

Hence  it  was  of  importance  to  determine  whether  the  substance 
obtained  by  the  above  reaction  was  homogeneous  or  a  mixture  of  the 
hydrocarbons  represented  by  formulae  7  and  8.  For  this  purpose, 
dimethyltetrahydrobenzene  was  oxidised  with  potassium  permanganate, 
a  reagent  which  attacks  it  very  slowly,  when  there  was  obtained 
/3/3-dimethyladipic  acid  and  no  other  substance,  although  careful  search 
was  made,  using  the  acetyl  chloride  method  described  on  page  1488. 

C(CH3),  C(CH3)2 


H,C/    \CH2  ^  ■S.Cf    ^CHg 

H^d       !CH  "^  HgCl       'cOgH- 

CH  COoH 

This  fact  conclusively  proves  that  the  hydrocarbon  is  1  :  l-dimethyl-^^- 
tetrahydrohenzene  (8)  ;  for  it  could  not  be  that  represented  by  formula 
7  or  a  mixture  of  7  and  8,  from  which  aa-dimethyladipic  acid  must 
have  resulted  as  an  oxidation  product. 

If  dimethyltetrahydrobenzene  is  oxidised  with  nitric  acid  instead  of 
potassium  permanganate,  the  reaction  goes  further  and  a  mixture  of 
oxalic,  dimethylmalonic,  and  ffsdimethylsuccinic  acids  is  produced. 

When  dimethyltetrahydrobenzene  is  treated  with  hydrogen  bromide 
in  glacial  acetic  acid  solution,  it  gives  a  bromodimethylhexahydro- 
benzene,  which,  according  to  the  manner  in  which  the  elements  of 
hydrogen  bromide  add  themselves  on,  may  be  identical  with  3-bromo- 
1  : 1-dimethylhexahydrobenzene  (see  page  1497),  or  the  bromine  atom 
may  occupy  position  4.  When  this  bromo-compound  is  treated  with 
zinc  dust  in  aqueous  alcoholic  solution,  1  :  1-dimethylhexahydrobenzene 
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is  produced  identical  in  all  respects  with  the  hydrocarbon  described  on 
page  1498. 

The  authors  desire  to  express  their  appreciative  thanks  to  Dr.  W.  H. 
Perkin,  sen.,  for  kindly  determining  the  physical  constants  of  some 
of  the  substances  mentioned  in  this  communication,  and  for  the  following 
report  of  these  determinations  : 

Densities,    Magnetic    Rotations,    and    Refractive    Powers     oj 
1  :  \-Dimethylhexahydrohenzene,  1  :  \-Dimethyl-^^-tetra- 

hydrohenzene,      and       2)-Hydroxy-\  -.l-dimethylhexahydro' 
benzene. 

1  :  \-Dimethylhexahydrohenzene. 

Density:    (Z4°/4°  =  0-7947 ;    (^15715°  =  0-7864 ;    (^20720°  =  0-7832 
(£25725°  =  0-7798. 

Magnetic  rotation  : 

t.  Sp.  rot.  Mol.  rot. 

14-5°  1-0308  8-150 

1  :  \-Dimei}iyl-b?-tetrahydrohenzene. 

Density:  (£474°  =  0-8129  ;  (£15715°  =  0-8040  ;  (£25°/25°  =  0'7970. 

Magnetic  rotation  : 

t.  Sp.  rot.  Mol.  rot. 

14-3°  1-1720  8-903 

^-Hydroxy-!  :  l-dimethylhexahydrohenzene. 

Density:  (£4°/4°=  0-9199  ;  (£15715°  =  0-9129  ;  (£25°/25°  =  0-9073. 

Magnetic  rotation  : 

t,  Sp.  rot.  Mol.  rot. 

14-4°  1-0980  8-549 

On  comparing  the  rotations  of  the  two  hydrocarbons  with  those  of 
the  corresponding  non-methylated  compounds,  it  is  seen  how  closely  the 
differences  between  them  agree. 

Mol.  rot.  Difference. 

Hexahydrobenzene 5  664  )  n-79« 

Tetrahydrobenzene 6-392  J  

Dimethylhexahydrobenzene  ...        8-150  )  (\-'^K'\ 

Dimethyltetrahydrobenzene  ...        8-903  / 

This  is  an  analogy  which  would  be  expected.  The  effect  of  the 
introduction  of  the  methyl  groups  into  these  ring  hydrocarbons  is  also 
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very  interesting   in  another  way,  as  will  be  seen   from  the  following 
comparison  : 

Difference 
Mol.  rot.  for  C2H4. 

Dimethylhexahydrobenzene     ..       8-150  |  9-i«fi 

Hexahydrobenzene 5  664  j 

Dimethyltetrahydrobenzene  ...        8903)^  9.^11 

Tetrahydrobenzene 6 "392  j 

The  change  of  composition  of  CgH^  caused  by  these  displacements 
ordinarily  has  a  value  of  2*046,  although  when  resulting  from  methyl 
groups  it  varies  to  some  extent,  but  not  to  so  great  an  amount  as  the 
above. 

Now,  the  examination  of  hexahydrobenzene  has  shown  that  its  ring 
formation,  caused  by  the  loss  of  Hg  from  hexane,  produces  a  reduction 
in  the  rotation  of  no  less  than  0-982,  and  this  appears  to  be  also  the 
case,  together  with  the  effect  of  unsaturation,  in  the  formation  of 
tetrahydrobenzene  ;  whereas  the  simple  loss  of  H^  should  only  amount 
to  about  0-5.  But  on  displacing  two  atoms  of  hydrogen  in  hexahydro- 
benzene by  chlorine,  the  value  of  the  halogen,  like  that  of  the  above 
methyl  groups,  also  appears  to  be  very  large.  If,  however,  the  new 
chlorinated  compound  be  considered  by  itself,  it  will  be  found  that  its 
rotation  is  normal  and  its  ring  formation  only  about  0*5,  the  large 
difference  of  0-982  noticed  in  the  case  of  the  hydrocarbon  itself  having 
changed  (Trans.,  1902,  81,  294),  This  is  the  explanation  of  the 
apparently  abnormal  high  value  of  the  methyl  groups  in  the  two  fore- 
going hydrocarbons,  substitution  causing  the  effect  of  the  ring  forma- 
tion to  change  ;  because,  on  examining  the  rotation  of  these  methylated 
hydrocarbons,  they  are  found  to  be  normal,  as  will  be  seen  by 
comparing  them  with  the  rotations  estimated  from  the  ordinary  C  and 
H  values. 

C8  =  0-515x8 4-120 

Hig=  0-254x16 ,  4-064 

Calculated  rotation  of  dimethylhexahydrobenzene  8 "184 

Rotation  found    8-150 

Dimethylhexahydrobenzene  (calculated) 8-184 

Influence  of  unsaturation,  caused  by  loss  of  H^ 

in  hydrocarbons -f  0-720 

Calculated  rotation  of  dimethyltetrahydrobenzene  8-904 

Rotation  found    8-903 

The  magnetic  rotation  of  hydroxydimethylhexahydrobenzene  might 
be  expected  to  be  somewhat  similar  to  that  of   sec.-octyl  alcohol  less 


I 
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the  value  of  Hg,  that  is,  9004  -  0508  =  8-496.     The   number  found 
is  only  slightly  higher. 

Eefractive  power  of  1  :  l-dimethylhexahydrobenzene  : 

t  =  15-5°;  cZ15-574°  =  0-78543. 

Index  of 
refraction.  Sp.  refraction.     Mol.  refraction.   Calculated. 

H, 1-42958  0-54693  61-256  60-8 

H^ 1-43728  0-55674  62-354  — 

Hy 1-44203  0-56278  63-031  — 

Dispersion  Hy  -  Ha  =  1  '775. 

Refractive  power  of  1  :  1-dimethyl-^^-tetrahydrobenzene  : 
t=l5-8°;  cZ15-874°  =  0-80267 

Index  of 
refraction.  Sp.  refiaction.     Mol.  refraction.   Calculated. 


fi. 


d  d 


H« 1-44218     0-55088     60-597      60-5 

H^  1-45137     0-56233     61-856      — 

H^ 1-45700     0-56935     62-629      — 

Dispersion  H^  -  H«  =  2-032. 

Refractive  power  of  3-hydroxy-l  :  l-dimethylhexahydrobenzene  : 

t  =  U-\°',  cZ14-174°  =  0-91279. 

Index  of 
refraction.  Sp.  refraction.     Mol.  refraction.    Calculated. 

H„ 1-45944     0-50334     64-427      62-6 

H^ 1-46767     0-51235     65581      — 

Uy 1-47250     0-51764     66258      — 

Dispersion  H.,,  -  H^  =  1  'SSI 

i^rom  these  results,  it  is  seen  that  both  dimethylhexahydrobeuzene 
and  dimethyltetrahydrobenzene  give  rather  higher  numbers  than  the 
calculated ;  the  diif  erences,  although  much  greater  than  experimental 
errors,  are  not,  however,  very  large.  In  the  case  of  hydroxydimethyl- 
hexahydrobenzene,  the  result  is  considerably  above  the  calculated. 
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Experimental. 
Part  I.     Synthesis  of  \ '.\-Dimethylhexahydrohenzene. 

Preparation  of  ?>- Hydroxy-!  :  \-dimethylhexahydrohenzene. — Large 
quantities  of  5-cbloro-3-keto-l  :  l-dimethyl-A*-tetrahydrobenzene 
(Trans.,  1903,  83,  117)  were  worked  up  in  the  following  manner. 
Twenty  grams  of  the  ketone,  dissolved  in  200  c.c.  of  ether,  were 
poured  on  to  200  c.c.  of  water  contained  in  a  flask  connected  with  a 
reverse  condenser,  and  29  grams  of  sodium,  cut  in  very  thin  slices, 
gradually  added.  When  all  the  sodium  had  dissolved,  the  ethereal 
solution  was  separated,  washed  with  water  until  no  longer  alkaline, 
dried  over  anhydrous  potassium  carbonate,  and  the  ether  evaporated. 
The  residues  from  several  experiments  were  united  and  distilled 
under  diminished  pressure,  when  at  42  mm.  a  quantity  of  liquid 
passed  over  between  104*5°  and  106 '5°.  The  temperature  then  rose 
rapidly  to  about  200°  and  a  small  quantity  of  a  liquid  distilled,  which, 
on  cooling,  set  to  a  light  yellow  jelly,  but  the  operation  could  not  be 
continued  as  signs  of  decomposition  set  in.  The  composition  of  the 
residue,  which  also  set  to  a  reddish-brown  jelly  on  cooling,  has  not  yet 
been  thoroughly  investigated,  although  two  crystalline  substances 
have  been  obtained  from  it,  melting  at  177 — 178°  and  170°  respect- 
ively. 

The  fraction  104-5 — 106'5°  was  again  distilled,  when  practically 
the  whole  boiled  constantly.  On  analysis,  the  following  numbers 
were  obtained. 

0-1834  gave  0-5026  CO2  and  0-2092  Hp.     C  =  74-74;  H  =  12-67. 
CgHjeO  requires  C  =  75-00  ;  H  =  12-50  per  cent. 


d-Hydroxy-1  •A-dimethylhexahydrohemene,    {C'ilg).^^ 

CH2 

colourless,  oily  liquid,  boiling  at  99-5°/35  mm. ;  it  has  a  strong 
camphoraceous  odour,  is  insoluble  in  water,  but  dissolves  readily  in 
ether.     The  yield  is  about  45  per  cent,  of  the  theoretical. 

When  cooled  in  ice  and  hydrochloric  acid,  it  crystallises  in  beautiful 
long  needles,  which  melt  at  10 — 11°.  If  the  liquid  product  in 
impregnated  with  a  crystal  so  obtained,  it  commences  to  crystallise  at 
once  and  ultimately  becomes  perfectly  solid. 

*When  two  drops  of  the  alcohol  are  dissolved  in  2  c.c.  of  absolute 

*  All  the  colour  reactions  with  alcoholic  sulphuric  acid  mentioned  in  this  com- 
munication were  carried  out  tis  described  above  ;  for,  as  already  pointed  out  (Trans., 
1904,  85,  1420),  the  nature  of  these  colour  reactions  varies  greatly  with  the  condi- 
tion of  experiment. 
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ethyl  alcohol  and  concentrated  sulphuric  acid  gradually  added,  a  red 
colour  is  produced,  turning  into  a  bluish- violet,  and  finally  assuming  a 
plum-coloured  tint  which,  on  standings  disappears,  while  dark,  oily 
drops  separate. 

When  dropped  into  concentrated  nitric  acid  (sp.  gr.  1-42)  a  violet 
colour  is  produced,  which  suddenly  disappears  and  oxidation  sets   in. 
CH2_CH-0'CO-CH3 

The  acetyl  derivative,  (0113)20^        yCK^  ,  was  prepared  by 

CHg  ~CH2 

heating  the  alcohol  with  an  excess  of  acetyl  chloride  in  a  reflux 
apparatus  for  thirty  minutes.  After  removal  of  the  solvent  by 
evaporation,  the  residue  was  dissolved  in  ether,  the  ethereal  solution 
washed  with  water,  then  with  a  dilute  solution  of  sodium  carbonate 
until  no  longer  alkaline,  finally  with  water,  dried  over  calcium 
chloride,  the  ether  evaporated,  and  the  residue  distilled  in  air. 

0-1475  gave  0-3808  COo  and  0-1 394  H^O.     C  =  70-40  ;  H  =  10-50. 
CjoHigOo  requires  C  =  70'58  3  H  =  10-58  per  cent. 

The  acetyl  derivative  is  a  clear,  colourless  liquid  boiling  at 
194 — 195°/752  mm.,  and  possessing  a  very  pungent,  sweet,  camphor- 
aceous  odour.  With  alcoholic  sulphuric  acid,  it  gives  a  pale  reddish- 
violet  colour,  gradually  intensifying  to  a  rich  reddish-brown,  which  on 
standing  goes  back  to  reddish-violet  and  finally  disappears,  dark,  oily 
drops  separating.  With  concentrated  nitric  acid  (sp.  gr.  1-42)  a 
deep  violet  colour  is  produced,  which  gradually  disappears  and  a 
rather  violent  oxidation  sets  in. 


The  benzoyl  derivative,  (CH3)oC<^       /CHg  ,  was  prepared  by 

heating  the  alcohol  with  an  excess  of  benzoyl  chloride  for  two  hours  on 
the  water-bath.  The  whole  was  then  shaken  with  a  solution  of  sodium 
hydroxide  until  the  smell  of  benzoyl  chloride  had  disappeared  and  then 
taken  up  with  ether.  The  ethereal  solution  was  washed  until  nO 
longer  alkaline,  dried  over  calcium  chloride,  the  ether  evaporated,  and 
the  residue  distilled  under  diminished  pressure. 

0-1240  gave  0-3520  CO2  and  0-0970  H2O.     C  =  77-41;  H  =  8-69. 
C15H20O2  requires  0  =  77-58  ;  H  =  8-62  per  cent. 

The  benzoyl  derivative  is  a  colourless,  oily  liquid  boiling  at 
200°/50  mm.  and  possessing  an  odour  somewhat  resembling  that  of 
ethyl  benzoate. 

Oxidation  of  Hydroxydimethylhexahydrohen&ene.-~-Viwe  grams  of 
hydroxydimethylhexahydrobenzene  were  added  to  a  mixture  of  37  c.c. 

6  G  2 
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of  concentrated  nitric  acid  (sp,  gr.  r42)  and  37  c.c.  of  water  con- 
tained in  a  flask  attached  to  a  condenser  by  means  of  a  ground  glass 
stopper  and  the  whole  gently  heated  on  a  sand-bath.  Oxidation  began 
before  the  boiling  point  of  the  mixture  was  reached  and  then  pro- 
ceeded quietly,  without  further  heating,  during  which  time  the 
substance  completely  dissolved.  The  contents  of  the  flask  were  heated 
for  about  half  an  hour  to  complete  the  oxidation  and  evaporated  on 
the  water-bath,  with  constant  addition  of  water,  until  all  the  nitric 
acid  had  been  expelled.  The  residue  obtained  on  evapoi-ation  to 
complete  dryness  gradually  solidified  and  gave  three  grams  of  a  solid, 
which  were  dissolved  in  a  small  quantity  of  water  and  placed  in  a 
desiccator  over  strong  sulphuric  acid,  when  crystals  slowly  separated. 
These  were  filtered  (Filtrate  =  ^)  and  recrystallised  from  a  mixture  of 
chloroform  and  light  petroleum  (b.  p.  40 — 60°),  when  radiating 
clusters  of  transparent,  rhombic  plates  were  obtained,  melting  at 
85 — 86°  and  giving  the  following  numbers  on  analysis. 

0-1355  gave  0-2755  CO.,  and  0-1004  H^O.     0  =  55-45  ;  H  =  8-23, 
CgH^^O^  requires  0  =  55-17  ;  H  =  8-04  per  cent. 

When  the  formula  of  hydroxydimethylhexahydrobenzene  is  con- 
sidered in  connection  with  the  above  analytical  data,  it  becomes  evident 
that  this  substance  must  be  a  dimethyladipic  acid,  and  can  therefore  only 
be  aa-  or  yS^-dimethyladipic  acid.  The  melting  points  of  these  two 
acids  are  practically  identical  (85 — 86°  and  86 — 87°),  but  through  the 
courtesy  of  Mons.  G.  Blanc,  who  kindly  placed  at  our  disposal  small 
quantities  of  synthetical  aa-  and  ;8/3-dimethyladipic  acids,  we  were  able 
to  prove  conclusively  that  the  above  oxidation  product  was  identical 
with  ;8/3-dimethyladipic  acid.  The  melting  point  of  the  above  acid 
(85 — 86°)  remained  the  same  when  mixed  with  pure  /3/3-dimethyladipic 
acid,  but  when  mixed  with  pure  aa-dimethyladipic  acid  it  was  lowered 
to  59°. 

The  solid  residue  (1*3  grams),  obtained  by  evaporating  the  filtrate  A 
(see  above),  was  heated  with  an  excess  of  acetyl  chloride  for  two  hours 
and  the  latter  evaporated.  Water  was  added,  then  a  dilute  solution  of 
sodium  carbonate  until  just  alkaline,  and  the  whole  extracted  twice 
with  ether  (alkaline  liquid  =B).  On  evaporating  the  ether,  06  gram 
of  an  oily  residue  was  obtained,  which  gradually  went  into  solution  on 
boiling  with  water.  The  solid  residue  from  the  evaporation  of  this 
solution  was  purified  by  crystallisation  from  a  mixture  of  benzene  and 
light  petroleum  (b.  p.  40 — 60°),  and  finally  from  a  mixture  of 
chloroform  and  light  petroleum,  when  characteristic  crystals  of 
/8/3-dimethyladipic  acid  separated.  These  melted  at  85 — 86°,  and  this 
melting  point  remained  unaltered  on  mixing  the  product  with 
synthetical  yS/^-dimethyladijiic  acid. 
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It  would  therefore  appear  highly  probable  that  /3^-dimethyladipic 
acid  is  capable  of  forming  an  anhydride. 

The  alkaline  liquid  B  (see  above)  was  acidified  and  extracted  with 
ether,  but  on  evaporating  the  ether  no  residue  was  obtained. 

Action  of  Hydrogen  Bromide  on  Hydroxydimethylhexahydrohenzene. — 
Quantities  of  hydroxydimethylhexahydrobenzene  were  worked  up  in 
the  following  manner.  Ten  grams  of  the  alcohol  were  sealed  up  in  a 
small  soda-water  bottle  with  50  c.c.  of  fuming  hydrobromic  acid, 
saturated  at  0°,  and  heated  in  a  water-bath  for  one  hour.  The  result- 
ing liquid,  which  was  in  two  layers,  was  poured  into  a  large  excess  of 
water,  the  heavy  oily  portion  extracted  with  ether,  the  ethereal  solution 
washed  with  water,  then  with  dilute  aqueous  sodium  carbonate  until 
no  longer  acid,  finally  with  water,  dried  over  calcium  chloride,  and  the 
ether  evaporated.  The  residue  was  distilled  in  a  vacuum  and  the 
bromine  determined. 

0-1270  gave  0-1254  AgBr.     Br  =  42-01. 

CgHj.Br  requires  Br  =  41 -88  per  cent, 

CH2_CHBr 

Z-Bromo-\  \\-dimethylhexahydrohenzene,  (CH3)2C<^        yCHo,  the  yield 

CH2~CH2 
of  which  is  quantitative,  is  a  clear,  colourless,  limpid  liquid  boiling 
at  98-5°/50  mm.  and  possessing  a  pungent  camphoraceous,  yet  some- 
what geranium-like,  odour. 

3-Iodo-l -.l-dimethylhexahydrobenzene,  prepared  in  a  manner  similar 
to  the  above  bromo-compound,  is  a  liquid  boiling  at  104-5°/27  mm., 
and  when  treated  with  zinc  dust  in  aqueous  alcoholic  solution,  as 
described  below,  it  is  converted  into  1  :  l-dimethylhexahydrobenzene. 
la  making  this  hydi^ocarbon  in  large  quantities,  it  is  preferable  to 
work  with  bromodimethylhexahydrobenzene,  which  is  much  more 
easily  obtained  in  the  pure  state  than  the  corresponding  iodo- 
derivative. 

Action  of  Zinc  Dust  on  3-Bromo-l :  1-dimethylhexahydrohenzene. — 
Twenty-three  grams  of  bromodimethylhexahydrobenzene  were  placed 
in  a  flask  with  90  c.c.  of  90  per  cent,  alcohol  and  sufiicient  absolute 
alcohol  to  form  a  clear  solution,  to  which  were  added  46  grams  of  zinc 
duht  mixed  with  an  equal  volume  of  sand,  and  the  whole  heated  on  the 
water-bath  for  ten  hours.  The  resulting  liquid  was  poured  into  a  large 
excess  of  water,  extracted  with  ether,  the  ethereal  solution  washed  with 
water,  dried  over  calcium  chloride,  and  the  ether  evaporated,  using  a 
colonna,  A  second  quantity  of  23  grams  of  bromodimethylhexahydro- 
benzene was  then  treated  in  exactly  the  same  manner. 

The  combined  clear  colourless  distillates  were  heated  for  two  hours 
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over  metallic  godium  and  then  distilled,  when  the  whole  passed  over 
between  118-5°  and  120-5°,  and  after  two  further  distillations  from 
sodium  19  gr-ams  (yield,  70-6  per  cent,  of  the  theoretical)  were  ob- 
tained, boiling  quite  constantly  at  120°.  On  analysis,  the  following 
numbers  were  obtained  : 

0-1010  gave  0-3183  CO^  and  0-1302  H^O.     0  =  85-94  ;  H  =  14-32. 

0-1273     „     0-4011  CO2    „    0-1632  H2O.     0  =  85-92  ;  H  =  14-24. 

OgHiQ  requires  0  =  85-71;  11=14-29  per  cent. 

1 :  \-Diinethylhexahydrohenzene  is  a  clear,  colourless,  refractive  liquid 
boiling  at  120°/766  mm.  and  possessing  a  marked  odour  of  geranium. 
A  solution  of  the  hydrocarbon  in  chloroform  does  not  decolorise  a 
solution  of  bromine  in  the  same  solvent,  nor  is  the  hydrocarbon 
acted  on  in  the  slightest  degree  by  potassium  permanganate. 

Oxidation  of  Dimethylhexahydrobenzene. — Two  grams  of  dimethyl- 
hexahydrobeuzene  were  placed  together  with  30  c.c.  of  fuming  nitric 
acid  in  a  flask  attached  to  a  reverse  condenser  by  means  of  a  ground 
glass  stopper  and  heated  on  a  sand-bath,  when  oxidation  took  place 
very  slowly.  4-fter  he^vting  for  fourteen  hours,  the  unattacked 
hydrocarbon  was  separated  and  heated  with  a  further  quantity  of 
fuming  nitric  acid  for  seven  hours  longer.  The  combined  solutions 
were  then  evaporated  on  the  water-bath  with  frequent  addition  of 
water  until  all  the  nitric  acid  had  been  expelled.  The  residue,  which 
slowly  solidified,  was  spread  on  porous  plate,  and  the  solid  (0*7  gram) 
thus  obtained  treated  with  cold  chloroform,  when  the  main  portion  readily 
dissolved.  After  filtering  off  the  insoluble  material,  the  amount  of 
which  was  too  small  for  investigation,  light  petroleum  was  added  to 
the  filtrate,  when  radiating  clusters  of  transparent,  rhombic  plates 
separated,  which,  after  recrystallisation  from  a  mixture  of  chloroform 
and  light  petroleum,  melted  at  85 — ^86°.  This  melting  point  re- 
mained unaltered  on  mixing  the  substance  with  synthetical  (3/3-di- 
methyladipic  acid,  a  fact  which,  w'hen  taken  into  consideration  with  the 
following  analytical  data,  proves  conclusively  that  the  substance  was 
/3/?-dimethyladipic  acid. 

0-1124  gave  02264  00^  and  0-0821  H.fi.     0  =  54-93  ;  H  =  8-ll. 
CgHj^O^  requires  0  =  55-17;  H  =  8-04  per  cent. 

Action  of  nitric  and  Suljy/iuric  Acids  on  1  :  I -Dimethylhexahydrobenz- 
ene.— In  attempting  to  prepare  a  nitro-derivative  from  the  hydro- 
carbon, the  conditions  recommended  by  Wreden  [Annalen,  1877,  187, 
153)  were  adopted.  Ten  c.c.  of  the  hydrocarbon  were  added  to 
180  c.c.  of  a  mixture  of  one  volume  of  fuming  nitric  acid  and  two 
volumes  of  concentrated  sulphuric  acid  and  gently  heated  on  the  water-r 
bath  in  a  flask  attached  to  an  air-condenser,  when  the  hydrocarboii 
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slowly  dissolved.  After  heating  for  twenty-nine  hours,  the  contents  of 
the  flask  were  poured  into  a  large  volume  of  water,  when  0*09  gram 
of  colourless,  needle-shaped  ci"ystals,  melting  at  about  110°,  separated. 
This  substance,  which  contained  nitrogen,  crystallised  from  dilute 
alcohol  in  long,  slender,  glistening  needles  melting  at  113 — 114°.  The 
amount  was  too  small  to  permit  of  detailed  investigation,  but  it  can 
be  definitely  stated  that  the  substance  was  not  further  nitrated  on 
warming  with  a  mixture  of  nitric  and  sulphuric  acids. 

The  liquid  from  which  the  above  crystals  had  separated  was 
diluted  with  water  and  the  sulphuric  acid  precipitated  with  barium 
hydroxide.  The  filtrate  from  the  barium  sulphate  was  evaporated 
to  dryness  on  the  water-bath,  the  residue  extracted  repeatedly  with 
ether,  and  the  ether  evaporated,  when  1"8  grams  of  a  non-nitrogenous 
solid  were  obtained.  This  solid  was  dissolved  in  the  smallest 
possible  quantity  of  water  and  the  solution  allowed  to  evaporate 
over  sulphuric  acid  in  a  vacuum.  The  crystals  which  separated 
melted  at  128°,  but  did  not  clarify  until  160—165°,  when  a  gas 
was  evolved.  They  were  for  the  most  part  insoluble  in  chloroform 
(Filtrate  =  ^),  and  this  insoluble  portion  was  proved  to  consist  of 
oxalic  acid.  On  evaporating  the  chloroform  filtrate  (A),  crystals 
were  obtained  which  gave  a  very  marked  fluorescein  reaction  and 
which  melted  at  130—132°,  but  did  not  become  clear  until  160°, 
when  gas  was  evolved. 

These  properties  made  it  appear  possible  that  the  material  con- 
sisted of  a  mixture  of  as-dimethylsuccinic  and  dimethylmalonic 
acids,  as  such  a  mixture  has  previously  been  obtained  by  the  oxida- 
tion of  certain  derivatives  of  dimethyldihydroresoi'cin  (Trans.,  1902, 
81,  829;  1904,  85,  283),  and  this  supposition  was  borne  out  by  the 
following  experiment. 

The  substance  was  carefully  heated  until  no  more  gas  was  given  off, 
during  which  time  a  colourless  liquid  with  the  unmistakable  odour  of 
tsobutyric  acid  passed  over.  The  liquid  residue  was  dissolved  in 
benzene  and  aniline  added,  when  an  immediate  precipitate  was  formed. 
The  solid  crystallised  from  methyl  alcohol  in  nacreous  needles  melting 
at  186°,  this  melting  point  remaining  unaltered  on  mixing  with  pure 
as-dimethylsuccin;inilic  acid.  The  original  solid  was  therefore  a 
mixture  of  oxalic,  dimethylsuccinic,  and  dimethylmalonic  acids. 


Part  II.     Synthesis  of  1  :  l-Dimethyl-^-^-tetrahydroheuzene. 

Action  of  Alcoholic  Potash  on  3-Bromo-l  :  1-dimethylhexahydro- 
benzene. — Twenty-three  grams  of  bromodimethylhexahydrobenzene 
were  gradually  added  to  138  c.c.  of  a  boiling  saturated  solution  of 
potassium  hydroxide  in  absolute  alcohol,  when  a  quiet  reaction  took 
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place  and  potassium  bromide  separated.  After  continuing  the  heating 
for  three  hours,  the  major  portion  of  the  alcohol  was  distilled  off 
(residue  from  this  distillation  =  ^),  poured  into  water,  and  the  hydro- 
carbon which  separated  removed.  Two  more  quantities  of  23 
grams  of  bromodimethylhexahydrobenzene  were  then  treated  in 
exactly  the  same  manner. 

The  hydrocarbon  from  the  three  experiments,  weighing  34  grams 
(87  per  cent,  of  the  theoretical),  was  dried  over  calcium  chloride  and 
distilled,  when  it  boiled  between  117°  and  122°,  and,  after  repeated 
distillation  over  metallic  sodium,  the  major  portion  passed  over  quite 
constantly  at  117 — 117"5°.  On  analysis,  the  following  numbers  were 
obtained. 

0-1246  gave  0-3991  CO2  and  0-1439  H^O.     C  =  87-35  ;  H  =  12-83. 
CgHj^  requires  C  =  87-27;  H  =  12-73  percent. 

1  :  l-Dhnethyl-i^^-tetrahydrohenzene,     (CH3)2C^  /CH,      is      a 

ch7~ch2 

clear,  coloui-less,  refractive  liquid,  boiling  at  117 — 117-5°/770  mm. 
and  possessing  a  sweet,  camphoraceous  odour  which  somewhat 
resembles  tha,t  of  turpentine.  With  alcoholic  sulphuric  acid,  it  gives 
a  very  faint  pink  colour,  deepening  slightly  on  standing,  and  with 
concentrated  sulphuric  acid  in  acetic  anhydride  solution  a  deep 
orange  coloration.  When  dimethyltetrahydrobenzene  is  dropped  into 
a  mixture  of  concentrated  nitric  and  sulphuric  acids,  a  vigorous  oxida- 
tion sets  in,  and  if  much  hydrocarbon  is  'added  at  once,  an  explosion 
takes  place.  No  evidence  of  the  production  of  a  nitro-derivative 
could  be  obtained.  Unlike  the  majority  of  unsaturated  hydro- 
aromatic  hydrocarbons,  dimethyltetrahydrobenzene  is  characterised 
by  its  stability,  A  specimen  which  had  been  left  in  a  stoppered 
bottle  for  more  than  a  month  distilled  quite  constantly  at  117°  and 
showed-no  sign  of  polymerisation  or  oxidation. 

The  above-mentioned  residue,  A,  was  poured  into  water,  the  whole 
extracted  with  ether,  the  ethereal  solution  washed  with  water  and 
dried  over  calcium  chloride.  The  oil  obtained  after  evaporation  of 
the  ether  distilled  between  175°  and  177°/770  mm.  as  a  clear,  colourless 
liquid  with  a  very  pungent  camphoraceous  odour.  Alcoholic  sulphuric 
acid  produced  an  orange  tint,  turning  to  a  plum  colour,  then  to  deep 
crimson-lake,  and  finally  to  a  beautiful  purple.  These  properties 
suggested  that  the  substance  might  be  3-ethoxy-l  :  1-dimethylhexa- 
hydrobenzene  (compare  Trans.,  1904,  85,  1416),  but,  although  a 
Zeisel  determination  proved  that  the  substance  contained  an  ethoxy- 
grovip,  it  was  found  impossible  with  the  small  quantity  of  material  at 
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our  disposal  to  prepare  the  substance  in  an  analytically  pure  state,  as  it 
contained  traces  of  bromine  and  was  evidently  contaminated  with 
bromodimethylhexahydrobenzene. 

Action  of  Bromine  on  1  -A-Dimethyl-^^-tetrahydrohenzene. — A  solution 
of  the  hydrocarbon  in  chloroform  rapidly  decolorises  a  solution  of 
bromine  in  the  same  solvent,  absorption  being  complete  when  two 
atomic  proportions  of  bromine  have  been  added  on. 

0-8545  absorbed  1-2307  Br.     Molecular  absorption  =  158-4. 
1-6362        „         2-3662  Br.  „  „  =159. 

CgH^4  requires  160  for  Brg. 

On  evaporating  the  chloroform,  a  slightly  coloured  liquid  remained, 
which  was  distilled  in  a  vacuum  and  the  bromine  determined. 

0-1798  gave  0-2489  AgBr.     Br  =  58-90. 

CgH^^Br^  requires  Br  =  59*25  per  cent. 


3  :  i-Dibromo-\  :  \-diviethylhexahydrohenzene,  (CH3)2C<^        ^CHBr, 

CH2     CHg 

is  a  clear,  colourless,  highly  refractive  liquid  boiling  at  142-5°/33  mm. 
and  possessing  a  highly  pungent  odour  of  camphor,  yet  somewhat 
reminiscent  of  celery.  This  compound  is  very  susceptible  to  the  action 
of  moisture  and  on  exposure  to  air  rapidly  becomes  cloudy,  but  it  can 
be  kept  in  a  dry  atmosphere  in  the  dark  for  an  unlimited  time. 

Action  of  Hydrogen  Bromide  on  1  :  \-Diinethyl-I^^-tetrahydrobenzene. 
— The  hydrocarbon  dissolved  in  glacial  acetic  acid  was  added  to  an 
excess  of  a  saturated  solution  of  hydrogen  bromide  in  glacial  acetic 
acid  and  left  for  twelve  hours.  The  product  was  poured  into  a  large 
excess  of  water,  the  heavy  oil  which  separated  exti'acted  with  ether, 
the  ethereal  solution  washed  with  water,  then  with  dilute  aqueous 
sodium  carbonate  until  no  longer  acid,  finally  with  water,  then  dried 
over  calcium  chloride  and  the  ether  evaporated.  The  residual  oil  was 
distilled  in  a  vacuum  and  the  bromine  determined. 

0-1804  gave  0-1761  AgBr.     Br  =  41-53. 

CgHj-Br  requires  Br  =  41-88  per  cent. 

(3  or  i)-BromO'\  :  \-dimethylhexahydrohenzene  is  a  clear,  colourless, 
limpid  liquid  boiling  at  96°/38  mm.  and  possessing  a  sweet  camphor- 
aceous,  yet  somewhat  geranium-like,  odoui".  It  is  impossible  to  say 
whether  this  substance  is  identical  with  3-bromo-l  :  1-dimethyl- 
hexahydrobenzene  described  on  page  1497,  or  whether  the  bromine 
atom  occupies  position  4.  It  is  true  that  when  treated  with  zinc  dust 
in  aqueous  alcoholic  solution,  as  described   on  page  1497,  a  saturated 
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hydrocarbon  of  sp.  gr.  0-7853  at  15715°  and  boiling  at  120°  was 
obtained,  identical  in  every  respect  with  1  : 1-dimethylhexahydro- 
benzene,  but  the  same  saturated  hydrocarbon  would  result  from  the 
reduction  of  either  bromide. 


Oxidation  of  1  :  l-I)i7mthi/l-A.^-tetrahydrobenzene. 

(1)  With  Potassium  Permanganate. — Four  and  a  half  grams  of  the 
hydrocarbon  were  suspended  in  200  c.c.  of  water,  and  a  cold  saturated 
solution  of  potassium  permanganate  slowly  added ;  the  oxidation, 
which  took  place  very  slowly,  required  ninety  hours  for  completion. 
Excess  of  potassium  permanganate  was  then  destroyed  with  sulphurous 
acid,  the  solution  filtered  from  manganese  dioxide,  evaporated  to  a 
small  bulk,  acidified  with  sulphuric  acid,  and  es^tracted  repeatedly  with 
ether.  On  evaporating  the  ether,  3'2  grams  of  a  white  solid  were 
obtained,  which  were  dissolved  in  the  smallest  possible  quantity  of 
water  and  placed  in  a  desiccator  over  sulphuric  acid,  when  crystals 
slowly  separated.  These  were  filtered  off  (Filtrate  =  A)  and  re- 
crystallised  from  a  mixture  of  chloroform  and  light  petroleum 
(b.  p.  40 — 60°),  when  radiating  clustex's  of  transparent,  rhombic 
plates  were  obtained,  melting  at  85 — 86^^  and  giving  the  following 
numbers  on  analysis  : 

01230  gave  0-2468  CO2  and  0-0901  H2O.     0  =  54-72;  H  =  8-13. 
CSH14O4  requires  C  =  55  17  ;  H  =  8-04  per  cent. 

The  melting  point  of  this  acid  remained  unaltered  on  mixing  with 
pure  y8/?-dimethyladipic  acid,  but  was  lowered  to  60°  when  mixed  with 
pure  aa-dimethyladipic  acid,  thus  proving  the  oxidation  product  to  be 
y3)3-dimethyladipic  acid. 

The  solid  residue  obtained  by  evaporation  of  the  filtrate  A  (seo 
above)  was  heated  with  an  excess  of  acetyl  chloride  for  two  hours,  the 
latter  evapoi-ated,  water  added,  and  then  a  dilute  solution  of  sodium 
carbonate  until  just  alkaline  and  extracted  twice  with  ether 
(A-lkaline  extract  =  if).  On  evaporating  the  ether,  an  oily  residue 
remained,  which  gradually  dissolved  on  boiling  with  water.  The  solid 
obtained  on  evaporating  the  aqueous  solution  was  crystallised  from  a 
mixture  of  chloroform  and  light  petroleum,  when  the  characteristic 
crystals  of  ^/3-dimethyladipic  acid  separated,  melting  at  85 — 86°.  The 
alkaline  liquid  B  (see  above)  yielded  a  further  small  quantity  of 
;8/3-dimethyladipic  acid,  which  is  therefore  the  sole  oxidation  product 
of  the  hydrocarbon. 

(2)  With  Nitric  Acid. — Two  grams  of  the  hydrocarbon  were  added 
to  30  c.c.  of  concentrated  nitric  acid  (sp.  gr.  1-42)  contained  in  a 
flask  attached  to  a  condenser  by  means  of  a  ground  glass  stopper,  and 
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the  whole  heated  oa  a  sand-bath.  Oxidation  began  at  the  boiling 
point  of  the  mixture  and  then  proceeded  quietly,  without  further  heat- 
ing, for  a  considerable  time,  when  most  of  the  substance  went  into 
solution.  The  contents  of  the  flask  were  heated  for  two  hours  to 
complete  the  oxidation  and  then  evaporated  on  the  water-bath,  with 
frequent  addition  of  water,  until  all  the  nitric  acid  had  been  expelled. 
During  the  evaporation,  a  small  quantity  of  a  heavy  oil  separated, 
which  was  filtered  off,  and  an  unsuccessful  attempt  made  to  nitrate  it 
further. 

The  residue  from  the  evaporation  of  the  aqueous  solution  only 
partially  solidified.  The  major  portion  of  the  solid  was  insoluble  in 
chloroform,  even  on  boiling,  and  was  proved  to  consist  of  oxalic  acid. 
From  the  chloroform  solution,  crystals  separated  which  gave  a  marked 
fluorescein  reaction  and  melted  at  135 — 136^  but  did  not  become  clear 
until  165°,  when  a  gas  was  evolved.  These  crystals  were  proved 
to  consist  of  a  mixture  of  as-dimethjlsuccinic  and  dimethylmalonic 
acids  by  the  method  described  on  page  1499. 

(3)  With  Fuming  Nitric  Acid. — Two  grams  of  the  hydrocarbon  were 
heated  with  30  c,c.  of  fuming  nitric  acid  as  in  the  previous  experi- 
ment. The  oxidation,  which  is  rather  more  vigorous,  gives  rise  to  the 
same  products,  namely,  oxalic,  as-dimethylsuccinic,  and  dimethyl- 
malonic acids. 

The  authors  desire  to  express  their  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  has,  in  part, 
defrayed  the  expenses  of  this  investigation. 

Research  Laboratory,  Pharmaceutical  Society, 
17,  Bloomsbury  Square,  W.C. 


CXUX.— Solid  Solutions, 

By  Reinhold  Fkederick  Korte, 

The  earliest  work  dealing  with  this  subject  was  published  by  J.  H. 
van't  Hoff  in  1890  (Zeit.  jihysikal.  Chem.,  1890,  5,  322);  in  this  paper 
he  expounded  a  new  theory,  based  on  irregularities  occasionally  observed 
in  cryoscopic  determinations  of  molecular  weights,  which  led  him  to 
believe  that  in  certain  cases  some  of  the  dissolved  substance  crystal- 
lised together  with  the  solvent,  forming  thereby  a  solid  solution. 

He  defined   a   solid   solution  as:   "  a  solid  homogrneous  complex  of 
several  substances,  the  proportions  of  which  may  vary  without  affectiug 
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the  homogeneity  of  the  system,"  and  then  went  on  to  draw  numerous 
analogies  between  liquid  and  solid  solutions,  mentioning,  as  ex- 
amples, both  those  produced  artificially  as  well  as  those  occurring 
in  nature  in  the  form  of  isomorphous  mixtures.  Yan't  Hoff  pointed 
out  that  even  solids  can  diffuse  into  each  other  to  a  slight  extent,  and 
he  based  his  method  of  determining  molecular  weights  in  solid  solution 
on  this  very  power  of  diffusion,  which  is  an  expression  of  the  energy 
derived  from  the  osmotic  partial  pressure ;  it  was  this  that  enabled 
him  fifteen  years  ago  to  determine  the  molecular  weight  of  solid 
hydrogen  in  its  alloy  with  palladium. 

The  experiments  of  which  an  account  follows  show,  in  certain  oases, 
whether  this  theory  of  van't  Hoff's  is  suflicient  to  explain  the  be- 
haviour of  adhesion  in  some  well-known  cases  occurring  in  quantita- 
tive analysis.  Schneider  {Zeit.  physikal.  Chem.,  1895,  10,  425)  was 
the  first  to  consider  the  formation  of  a  solid  solution  as  an  important 
factor  in  inorganic  analysis,  and  he  believed  the  contamination  of 
barium  sulphate  with  ferric  sulphate,  when  precipitated  in  presence  of 
a  ferric  salt,  to  be  a  case  in  point.  He  states  that  the  amount  of  ferric 
sulphate  carried  down  or  occluded  by  the  precipitate  of  barium  sul- 
phate is  proportional  to  the  latter,  and  that,  the  limit  of  occlusion 
having  been  reached,  the  presence  of  an  excess  of  iron  salt  in  the  solu- 
tion has  no  effect.  Since  the  publication  of  his  work,  this  case  has 
been  frequently  discussed,  and  the  general  idea  prevails  that  this  is 
not  a  case  of  solid  solution,  but  one  of  chemical  action.  Jannasch  and 
Richards  {J.  pr.  Chem.,  1889,  [ii],  39,  321)  had  stated,  previously  to 
Schneider's  publication,  that  barium  sulphate  takes  up  iron  in  the 
form  of  a  complex  barium  ferrisulphate,  which  gives  off  sulphur  tri- 
oxide  and  thus  causes  a  loss  .in  weight.  Kiister  and  Thiel  [Zeit.  anorg. 
Chem.,  1899,  19,  97)  pointed  out,  however,  that  the  admixture  of 
ferric  salt  in  the  barium  sulphate  is  due  to  the  presence  of  Fe'"  and 

SO4  ions,  and  they  suggested  a  mode  of  analytical  operation  by  which 
this  disturbing  effect  might  be  prevented  ;  f  virthermore,  they  stated  that 
the  addition  of  oxalates  or  tartrates  caused  the  formation  of  complex 
ions  and  thereby  tended  to  minimise  such  occlusion.  In  a  later  paper 
{Zeit.  anorg.  Chem.,  1899,  22,  424)  they  ascribed  to  this  compound  of 
barium  and  iron  the  formula  Ba[Fe(S04)2]2,  or  the  barium  salt  of  ferri- 
sulphuric  acid,  and  they  observed  that  precipitation  in  the  cold  or  in 
the  reversed  order,  that  is  to  say,  addition  of  ferric  salt  and  sulphuric 
acid,  yielded  pure  barium  sulphate.  Ostwald  {Zeit.  physikal.  Chem., 
1899,  29,  340),  in  discussing  this  question,  doubted  the  correctness  of 
Schneider's  statement  as  to  the  formation  of  a  solid  solution  of  a  ferri- 
sulphate in  barium  sulphate,  and  put  this  effect  down  to  the  formation 
of  complex  ions  of  ferrisulphate  similar  to  those  formed  by  chromium 
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and  sulphuric  acid.  Richards  {Zeit.  anorg.  Chem.,  1900,  23,  383),  in 
recent  years,  has  carefully  investigated  this  case  and  points  out  the 
probability  of  a  partly  physical,  partly  chemical  action.  He  suggested 
the  word  "  occlusion "  for  the  phenomenon  of  the  contamination  of 
barium  sulphate  with  ferric  salt,  since  it  is  not  a  case  of  simple 
mechanical  inclusion,  but  one  of  a  uniform  molecular  adhesion,  de- 
pending on  the  distribution  of  an  undis-sociated,  electrically  neutral 
complex  substance  of  a  basic  nature  between  solution  and  precipitate. 
As  an  analogy,  Richards  mentioned  the  occlusion  of  chromium  sulphate 
by  barium  and  by  aluminium  sulphate. 

Before  leaving  this  question,  attention  should  be  drawn  to  investiga- 
tions of  Silberberger  {Monatsh.,  1902,  25,  220),  who  prepared  some 
complex  double  sulphates  of  barium  and  iron,  chromium  and  alu- 
minium, which,  in  some  way,  tend  to  throw  light  on  to  the  mechanism 
of  the  irregular  reaction  which  occurs  when  barium  is  precipitated  in 
presence  of  ferric  salts. 

The  precipitate  of  barium  sulphate  has  at  different  times  frequently 
been  observed  to  possess  the  property  of  what  one  may  suitably  call 
**  adsorption,"  since  it  is  not  quite  clear  whether  it  is  purely  a  primary 
mechanical  process  or  whether  it  is  followed  up  by  a  chemical  reaction. 
Hulett  and  Duschak  {Zeit.  anorg.  Chem.,  1904,  40,  196)  have  found 
that  barium  chloride  is  taken  up  by  barium  sulphate,  and  not  only 
during  precipitation,  but  also  when  finely  divided  crystals  of  barium 
sulphate  are  suspended  in  a  solution  of  barium  chloride.  They  con- 
sider the  possible  formation  of  complex  salts,  such  as  (BaCl)2S0^  or 
(HS0^)2Ba,  to  be  an  explanation  of  these  phenomena.  Richards  and 
Parker  {Zeit.  anorg.  Chem.,  1895,  8,  413)  have  made  similar  observa- 
tions, and  Vanino  and  Hartl  {Ber.,  1904,  37,  3620)  found  in  their 
investigations  with  colloidal  metallic  solutions  that  barium  sulphate 
acted  towards  them  as  an  effective  adsorption  agent.  Patten  {J.  Amer. 
Chem.Soc,  1903,  25,  186)  mentions  that  on  boiling  barium  sulphate  with 
solutions  of  metallic  salts  such  as  nickel,  cobalt,  manganese,  chromium, 
and  iron,  these  are  taken  up  by  it ;  the  barium  sulphate,  then,  can 
only  be  freed  from  the  metal  with  vei'y  great  difiiculty,  and  he  sur- 
mises, therefore,  that  the  phenomenon  is  due  to  chemical  action. 

Before  giving  an  account  of  my  own  experiments,  which  were 
carried  out  in  order  to  ascertain  the  nature  of  this  adsorption  of  triad 
iron  by  barium  sulphate  and  of  various  similar  occlusions,  I  should 
like  shortly  to  refer  to  the  more  important  cases  of  solid  solution  that 
have  hitherto  been  met  with  in  the  course  of  chemical  investigations. 
Miiller  {Zeit.  Mektrochem.,  1903,  9,  978),  in  the  electrolytic  prepara- 
tion of  nitrates,  gives  evidence  of  the  formation  of  crystalline  solu- 
tions of  nitrites  in  nitrates,  and  Lebeau  {Gompt.  rend.,  1904,  138, 
1602),  on  fusing  together  calcium  carbonate  and  lithium  carbonate, 
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obtained  needle-shaped  crystals  entirely  different  from  those  of  the 
separate  carbonates.  In  recent  years,  the  fractional  crystallisation  of 
radium  bromide  has  led  to  the  assumption  that  the  radium  salt  is  held 
in  solid  solution  by  barium  bromide. 

In  organic  chemistry,  numerous  cases  of  solid  solutions  have  been 
recorded,  principally  by  Bruni  and  his  collaborators,  who  have  observed 
these  phenomena  in  the  course  of  their  cryoscopic  investigations  (Atii 
R.  Accad.  Lincei,  1899,  8,  ii,  181  ;  1900,  9,  ii,  326  ;  1902,  11,  ii,  187; 
1903,  12,  i,  348  ;  1 904,  13,  i,  567),  and  M.  Padoa  {AttiR.  Accad.  Lincei, 
1903, 12,  i,  391 ;  also  Gazzetla,  1894,  24,  ii,  232).  Lobry  deBruyn  {Rec. 
Trav.  Chim.,  1903,  22,  298)  mentions  the  formation  of  solid  solution  in 
the  case  of  the  metamorphosis  of  o-nitrobenzaldehyde  to  o-nitrobenzoic 
acid  under  the  influence  of  sunlight.  Speranski  {Zeit.  physikal.  Chem., 
1903,  46,  70)  has  determined  the  vapour  pressure  of  a  solid  solution  of 
/3-naphthol  in  naphthalene.  In  quite  recent  times,  the  question  of  gases 
forming  solutioos  in  solids  has  greatly  come  into  prominence  in  con- 
nection with  those  numerous  interesting  phenomena  belonging  to  the 
chemistry  of  radium.  Helium  occurs  in  the  oxides  of  uranium,  being 
produced  by  the  subatomic  decomposition  of  radium ;  since  this  fact 
has  been  established  through  the  epoch-making  researches  of  Ramsay 
{Proc.  Roy.  Soc,  1903,  72,  204),  the  general  idea  has  prevailed  more  and 
more  that  helium  is  retained  in  uraniferrous  minerals  by  occlusion  or 
solid  solution.  Quite  recently,  an  interesting  account  has  been  published 
by  Kohlsch litter  and  Vogdt  {Ber.,  1905,  38,  1419)  on  the  solid  solution 
of  indifferent  gases  in  uranium  oxide. 

I.  The  Adsorption  of  Iron  Salts  hy  Barium  Sulphate. 

The  discussions  on  this  subject  within  the  last  ten  years  induced 
me  to  investigate  the  formation  of  solid  solutions  as  effecting  irregu- 
larities in  the  mechanism  of  ordinary  precipitations,  such  as  are  daily 
performed  by  the  analytical  chemist.  My  first  step  was  to  reconsider 
Schneider's  resenvches  {Zeit.  physikal.  Chem.,  1892,  10,  425),  mentioned 
before,  which  had  led  him  to  conclude  that  barium  sulphate,  in  being 
precipitated  in  presence  of  ferric  salts,  takes  up  the  latter  in  solid 
solution.  He  carried  out  two  series  of  experiments  :  in  one  he  pre- 
cipitated varying  amounts  of  barium  sulphate  in  presence  of  a  constant 
amount  of  ferric  salt,  whilst  in  the  other  he  added  molecular  amounts 
of  ferric  salt  to  a  constant  weight  of  barium  salt.  In  the  first  case,  he 
stated  that  the  iron  taken  up  by  the  precipitate  of  barium  sulphate  is 
proportional  to  the  increasing  weight  of  the  latter,  in  the  second 
instance  he  found  that  practically  the  same  amount  of  ferric  salt  goes 
into  the  barium  sulphate,  whether  two  or  three  parts  of  the  former  had 
been  added.     The  figures  bearing  this  out  are  as  follows  : 
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1'4750  BaSO^,  in  presence  of  1  part  of  ferric  salt,  takes  up  0-0129  FegOj. 
1-4734       „  „  2  parts         ,,  „         0-0272      „ 

1-4802       „  „  3      „  „  „        0-0258      „ 

Schneider  concluded,  therefore,  that  the  ferric  sulphate  is  taken  up  by 
barium  sulphate  solely  in  solid  solution,  and  considered  the  fact  that  the 
weights  obtained  in  the  second  and  third  precipitations  are  approxi- 
mately equal  to  establish  the  formation  of  a  point  of  saturation  of  the 
solid  solution. 

With  the  intention  of  corroborating  this  view,  I  have  carried  out 
a  large  number  of  similar  experiments,  in  which  I  precipitated  a 
constant  quantity  of  sulphuric  acid  with  barium  chloride  in  presence 
of  varying  amounts  of  ferric  salt. 

The  following  solutions  were  used  : 

Solution  A,  containing  so  much  sulphuric  acid  that  100  c.c.  gave 
I'OOO  gram  of  barium  sulphate  on  precipitation  with  barium  chloride. 

Solution  B,  containing  so  much  ferric  chloride  that  100  c.c.  gave 
1*000  gram  of  ferric  oxide  on  precipitation  with  ammonia.  It  was 
slightly  acidified  with  hydrochloric  acid  to  prevent  the  formation  of 
basic  salt. 

For  every  10  c.c.  of  solution  A,  5  c.c.  of  a  normal  barium  chloride 
solution  were  used  as  precipitant. 

The  total  amount  of  liquid  was  always  kept  at  95  c.c,  and  the  pre- 
cipitations were  carried  out  at  boiling  temperature. 


(a)  T/te  liquid  is  allowed  to  stand  for  four  Jiours  before  filtration. 


BaSO^  ( +  iron  salt),       BaSO^  ( +  FeaOg) 

No. 

Solution  A 

Solution  n. 

weighed  on  filter.          after  ignition. 

1 

10  c.c. 

Oc.c. 

—                              0-1000  gram 

2 

10   ,, 

1    ,, 

0-1011  (Tram                0-0999     „ 

3 

10   ,, 

2    ,, 

0-1006^,,                    0-0986     „ 

4 

10   „ 

3    „ 

0-1019     ,,                    0-0990     „ 

5 

10   ,, 

4   ,, 

0-1013     „                    0-0989     „ 

6 

10   „ 

5    „ 

0-1024     „                     0-1001     ,, 

(^) 

The 

liquid  is  allowed  to  stand  for  sixteen  hours  before  filtration. 

BaSOj  ( +  Fe.,0,) 

BaS04(  +  Fe.P3) 

No. 

Sol. 

A.     Sol.  B. 

after  ignition. 

No.      Sol.  A.      Sol.  jB.     after  ignition. 

1 

10  c 

.c.       0    c.c. 

0-1000  gram 

7         10   „         3     ,,         0-1014  gram 

2 

10 

I   „ 

0-1013     „ 

8         10    „         3i    ,,         0-1011     „ 

3 

10 

1      „ 

0-1012     „ 

9         10   „         4      „         0-1011     ,, 

4 

10 

li   ,, 

0-1014     „ 

10         10   „         5      „         0-1014     „ 

5 

10 

2     „ 

0-1010     ,, 

11         10    ,,         6      „         0-1018     ,, 

6 

10 

M         2i   „ 

0-1012     ,, 

In  both  series  of  experiments  I  noticed  that  a  small  quantity  of 
barium  sulphate  was  precipitated  in  the  filti'ate  after  filtering  and 
washing   the  original    precipitate,  there   being   considerably  more  in 
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series  a  than  in  h.  It  follows  from  the  above  results  that  the  pre- 
cipitate of  barium  sulpiiate,  containing  some  ferric  salt  mixed  with  it, 
loses  in  weight  on  ignition  and  does  not  increase  in  proportion  to  the 
iron  present  in  aqueous  solution. 

Numerous  other  experiments  under  varying  conditions  (as  regards 
concentration  and  time  of  allowing  the  liquid  to  stand  before  filtration) 
were  carried  out,  but  the  i-esults  showed  no  regularity  and  threw  no 
light  on  the  mechanism  of  the  reaction.  If  the  barium  precipitate 
holds  any  iron  salt  in  solid  solution  at  all,  this  solution  becomes  very 
quickly  saturated,  since,  after  adding  0-5  c.c.  of  solution  5  to  10  c.c.  of 
solution  A,  the  total  weight  remains  practically  constant ;  at  the  same 
time,  some  SO^  ions  pass  into  the  filtrate  and  the  impure  barium 
sulphate  precipitate  gives  off  sulphur  ti'ioxide  on  ignition.  These 
experiments  only  strengthen  the  opinions  held  by  the  previously 
named  investigators,  namely,  that  we  have  hereto  do  with  a  complica- 
tion of  physical  and  chemical  processes.  The  observations  of  Schneider, 
which  led  him  to  believe  in  the  formation  of  a  solid  solution,  find  no 
support  in  these  results. 

II.   The  Occlusion  of  Magnesium  Oxalate  hy  Calcium  Oxalate. 

Richards  {Zeit.  anorg.  Chem.,  1900,  23,  383;  1901,28,  71)  has  already 
carried  out  researches  on  this  subject,  and  has  stated  that  the  amount 
of  magnesium  oxalate  occluded  when  calcium  oxalate  is  precipitated  in 
presence  of  a  magnesium  salt  increases  with  the  concentration  of  the 
undissociated  magnesium  salt  in  solution.  He  has  worked  out  a  method 
by  which  this  occlusion  may  be  presented  ;  but  I  have  disregarded  his 
working  rules  and  have  precipitated  in  the  ordinary  way  in  order,  if  pos- 
sible, to  establish  the  formation  of  a  solid  solution.  My  modus  operajidi 
was  to  treat  a  constant  amount  of  calcium  salt  in  presence  of  varying 
quantities  of  magnesium  salt  with  ammonium  oxalate  in  excess  at  boiling 
temperature  in  slightly  ammoniacal  aqueous  solution,  then  to  dissolve 
the  washed  precipitate  in  dilute  nitric  acid  and  titrate  the  free  oxalic 
acid  with  permanganate  (the  small  amount  of  free  nitric  acid  was 
found  to  have  no  effect  on  the  titration). 

The  precipitate  of  calcium  oxalate  was  left  for  four  hours  in  each 
experiment,  and  after  pouring  off  the  clear  supernatant  solution  it 
was  decanted  twice  with  a  hot  one  per  cent,  solution  of  ammonium 
oxalate  and  then  washed  four  times  on  the  filter  with  cold  water. 
These  operations  had  to  be  carried  out  with  great  care  in  order  to 
obtain  concordant  results. 

The  following  solutions  were  used  : 

Solution  A,  containing  so  much  calcium  chloride  that  100  c.c, 
(precipitated  with  oxalic  acid)  gave  1-000  gram   of  calcium  oxide. 
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Solution  B  contained  magnesium  nitrate  [Mg(N03)2,6H20]  corre- 
sponding to  1-000  gram  of  magnesia  in  100  c.c,  of  water.  The 
permanganate  solution  was  standardised  in  such  a  way  that  200  c.c. 
were  required  for  oxidation  of  1*00  gram  of  dehydrated  oxalic  acid; 
thus  32'15  c.c.  of  permanganate  solution  corresponded  to  10  c.c.  of 
solution  A.  As  precipitant,  a  normal  solution  of  ammonium  oxalate 
was  used,  and  to  prevent  the  precipitation  of  magnesium  a  twice 
normal  solution  of  ammonium  chloride  was  added,  equal  in  amount  to 
solution  B. 

The  following  table  shows  the  conditions  and  numerical  results  of 
one  of  a  large  number  of  series  of  experiments. 


Magnesia 

Ammonium 

Ammonium 

Perm  an 

occluded  in  total 

Sol.  ^ 

Sol.  B 

chloride 

Water 

oxalate 

ganate 

ppt.  of  oxalates 

No. 

in  c.c. 

in  c.c. 

in  c.c. 

in  c.c. 

in  c.c. 

in  c.c. 

1  part  =  0-0001  gram 

1 

5 

0 

0 

150 

10 

16-10 

— 

2 

5 

1 

1 

149 

11 

16-25 

3-37 

3 

5 

2 

2 

148 

12 

16-35 

5-61 

4 

5 

3 

3 

147 

13 

16-42 

7-lS 

5 

5 

4 

4 

146 

14 

16-50 

8-97 

6 

5 

6 

6 

144 

16 

16-60 

11-20 

7 

5 

8 

8 

142 

18 

16-70 

13-45 

8 

5 

10 

10 

140 

20 

16-80 

15-70 

9 

5 

12 

12 

138 

22 

16-90 

17-95 

10 

5 

14 

14 

136 

24 

17-00 

20-20 

11 

5 

16 

16 

134 

26 

17-10 

22-45 

12 

5 

18 

18 

132 

28 

17-25 

25-80 

13 

5 

20 

20 

130 

30 

17-38 

28-75 

14 

5 

22 

22 

128 

32 

17-42 

29-40 

15 

5 

24 

24 

126 

34 

17-58 

33-20 

16 

5 

26 

26 

124 

36 

17-70 

35-90 

17 

5 

28 

28 

122 

38 

17-80 

38-2 

18 

5 

30 

30 

120 

40 

17-90 

40-5 

19 

5 

32 

32 

118 

42 

18-00 

42-6 

20 

5 

34 

34 

116 

44 

18-10 

44-9 

21 

5 

36 

36 

114 

46 

18-20 

47-2 

22 

5 

38 

38 

112 

48 

22-20 

137 

23 

5 

40 

40 

110 

50 

29-00 

290 

24 

5 

42 

42 

108 

52 

37-80 

487 

25 

5 

44 

44 

106 

54 

48-00 

716 

The  numbers  showing  the  volumes  of  permanganate  solution  used 
are  not  in  all  cases  the  true  expression  of  a  single  experiment,  but 
sometimes  they  are  the  mean  of  several  results,  for,  although  the 
greatest  care  was  exercised  in  all  manipulations,  concordant  results 
could  not  always  be  obtained.  Considering  the  accuracy  of  the 
determination  of  oxalic  acid  by  this  method,  the  slight  solubility  of 
magnesium  oxalate  in  water  formed  a  considerable  source  of 
irregularity  in  the  numerical  results.  The  latter  show  beyond  doubt, 
however,  that  the  amount  of  occluded  magnesium  increases  in 
proportion  to  solution  B ;  so  long  as  there  is  not  a  large  excess  of 
magnesium    oxalate  present,  the  amount  of  it  carried   down   by   the 
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calcium  oxalate  is  very  slight  as  compared  with  the  total  precipitate 
formed.  When  equal  weights  of  the  oxides  are  present  in  solution, 
the  occluded  magnesium  is  hardly  2  per  cent,  of  the  total  precipitate  ; 
when  twice,  three,  and  four  times  as  much  magnesium  as  lime  is 
present,  it  forms  3,  4,  and  5*5  per  cent,  respectively  of  the  total 
precipitate.  As  soon  as  the  proportion  of  36  parts  of  magnesium  to 
5  parts  of  lime  is  passed,  the  limit  of  occlusion  is  reached  ;  a  new 
factor  then  comes  into  play  inasmuch  as,  on  further  addition  of 
solution  B,  magnesium  oxalate  crystallises  out,  or,  most  probably,  is 
salted  out,  the  amount  deposited  increasing  very  rapidly  on  further 
addition  of  magnesium  solution  ;  this  effect  appears  to  be  brought 
about  by  contact  action  and  supersaturation.  Before  the  point  when 
magnesium  oxalate  separates  is  reached,  it  is  immaterial  how  long 
the  liquid  is  allowed  to  stand  in  contact  with  the  precipitate  ;  the 
latter  remains  constant,  whether  the  liquid  stands  for  four  or  for 
sixty  hours  ;  but  if  this  limit  of  occlusion  has  once  been  reached,  then 
the  precipitate  of  oxalates  increases  rapidly  as  time  goes  on. 

The  following  experiment  shows  this  :  5  c.c.  of  solution  A  and 
50  c.c.  of  solution  B  were  precijiitated  together  with  ammonium 
oxalate,  as  usual ;  in  one  case,  the  liquid  was  left  for  four  hours,  and  in 
another  case  for  sixty  hours  before  filtration.  '  On  titrating  finally  with 
permanganate,  the  former  required  50  c.c,  the  latter  184  c.c,  for  oxida- 
tion of  the  oxalic  acid  liberated  from  the  precipitate  ;  it  follows  then 
that,  after  four  hours,  15  per  cent,  of  the  total  magnesium  in  solution 
had  separated  out  as  oxalate,  and  after  sixty  hours  82  per  cent,  had 
been  precipitated. 

The  influence  of  large  excesses  of  ammonium  chloride,  ammonium 
oxalate,  and  ammonia  was  found  to  be  practically  nil.  To  ascertain 
the  influence  of  temperature  on  the  occlusion  of  magnesium  oxalate,  1 
performed  some  precipitations  in  the  cold,  and  found  that  the  effect  of 
this  was  to  increase  slightly  the  amount  of  magnesium  salt  carried 
down  by  the  calcium  oxalate.  When  once  magnesium  oxalate  had 
been  occluded  by  the  calcium  oxalate,  it  adhered  very  tenaciously  to 
the  latter  and  could  only  be  removed  to  a  very  slight  extent  by 
repeatedly  washing  it  with  boiling  water ;  this  circumstance  is 
remarkable,  since  free  magnesium  oxalate  is  fairly  readily  soluble 
in  hot  water. 

The  above  experiments  give  more  or  less  conclusive  evidence  of  the 
formation  of  a  solid  solution,  but  it  must  be  left  to  future  investiga- 
tions to  settle  this  question  with  absolute  certainty.  In  such  analyses, 
where  only  a  relatively  small  amount  of  magnesium  is  contained  along 
with  calcium,  the  erior  caused  by  the  occlusion  of  the  former  is  very 
slight,  but  in  presence  of  larger  amounts  of  magnesium  in  solution  it 
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will  usually  be  necessary,  if  the  ordinary  modus  oj^erandi  be  followed, 
to  dissolve  and  reprecipitate  the  calcium  oxalate  (Knight,  Cheni.  News, 
1904,  89,  146). 

Ill,  Solid  Solution  of  Oxide  of  Manganese  in  Feme  Oxide. 

The  strong  relationship  between  iron  and  manganese  and  the  fact 
that  these  metals  so  frequently  occur  in  nature  as  isomorphous 
mixtures  suggest  that  their  physical  affinity  might  find  an  expression 
in  the  mutual  solubility  of  their  respective  oxides.  It  seemed  to  me 
not  improbable  that  on  precipitating  iron  in  presence  of  a  soluble 
manganese  salt,  the  latter  would  distribute  itself  in  definite  proportion 
between  the  solid  and  the  liquid  phases. 

In  investigating  this  question,  I  precipitated  a  constant  quantity  of 
iron  in  presence  of  varying  quantities  of  a  manganous  salt  with 
ammonia  at  the  boiling  temperature,  sufficient  ammonium  chloride 
having  been  added  to  prevent  any  precipitation  of  the  latter  metal ; 
the  precipitate  was  decanted  twice  with  boiling  water,  well  washed, 
ignited,  and  weighed.  The  weight  of  the  precipitate  increased  in  pro- 
portion to  the  amount  of  manganese  salt  present  until  a  fairly  well 
defined  point  was  reached ;  beyond  this,  no  further  increase  in  weight 
took  place.  The  numbers  obtained  in  this  way,  however,  were  too 
irregular  to  allow  of  any  definite  conclusions  to  be  drawn  regarding 
the  formation  of  a  solid  solution.  The  following  factors  had  to  be 
considered  in  aiming  at  better  results. 

(1)  Boiling  the  hydrated  precipitate  before  filtering  it  had  a  solvent 
action  on  the  occluded  manganese  hydroxide ;  a  slight  turbidity 
then  appeared  in  the  liquid  due  to  partial  oxidation  of  the  manganous 
hydroxide.  The  two  following  experiments  show  that  the  length  of 
time  of  boiling  the  hydroxide  precipitate  has  a  marked  effect  on  the 
results.  Equal  quantities  of  iron  and  of  manganese  salt  were  preci- 
pitated in  presence  of  an  equal  excess  of  ammonium  chloride  at  the 
boiling  temperatiu'e,  the  one  precipitate  being  boiled  for  one  minute, 
the  other  for  ten  minutes,  before  being  allowed  to  settle  ;  after  ignition, 
the  first  was  found  to  contain  0-0061  gram  and  the  second  0-0016  gram, 
of  Mng04. 

(2)  A  great  excess  of  ammonium  chloride  caused  considerable 
irregularities  in  the  mechanism  of  the  reaction. 

(3)  The  presence  of  air  in  the  water  used  for  solution  and  washing 
effected  partial  oxidation  of  the  manganese  hydroxide,  which  had  been 
occluded. 

In  the  following  series  of  experiments,  these  factors  were  carefully 
taken  into  account.     All  water  was  well  boiled  before  use ;  the  preci- 

6  H  2 
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pitates  were  produced  at  a  temperature  just  below  that  of  ebullition, 
decanted,  and  washed  with  hot  water,  but  not  boiled,  and  the 
ammonium  chloride  was  added  in  amounts  proportional  to  the  forma- 
tion of  the  double  salt,  MnS04,2NH4CL 

The  following  solutions  were  used  : 

Solution  A,  containing  so  much  ferric  nitrate  that  100  c.c.  gave 
O'lSlO  gram  of  ferric  oxide  on  precipitation  with  ammonia. 

Solution  B  contained  5 "8250  grams  of  dehydrated  manganous  sulphate 
in  1000  c.c.  of  water  at  15°. 


MD3O4  dissolved 

Sol.  A 

Sol.  B 

iV/2-NH4Cl 

Water 

FeoOg  +  MiiaOj 

.      in  Fe.,03. 

No. 

in  c.c. 

in  c.c. 

m  c.c. 

ill  c.  c. 

Grams. 

Grams. 

1 

10 

2 

10 

140 

0-1366 

0-0056 

2 

10 

4 

20 

130 

01419 

00109 

3 

10 

6 

30 

120 

0-1454 

0-0144 

4 

10 

8 

40 

110 

0-1485 

0-0175 

5 

10 

10 

50 

100 

0-1510 

0-0-200 

6 

10 

12 

60 

90 

0-1511 

0-0201 

7 

10 

14 

70 

80 

0-1511 

0-0201 

8 

10 

16 

80 

70 

0-1517 

0-0207 

9 

10 

18 

90 

60 

0-1517 

0-0207 

10 

10 

20 

100 

50 

0-1520 

0-0210 

The  foregoing  table  shows  that  saturation  of  the  solid  solution  of 
iron  and  manganese  oxides  takes  place  when  equal  quantities  of  solutions 
A  and  B  are  present,  that  is,  if  the  aqueous  solution  contains  the 
oxides  in  the  following  proportion  : 

Fe203:MnO  =  0-1310:  00275  =  5:1. 

On  further  addition  of  manganese  salt,  the  increase  in  weight  of  the 
joint  precipitate  is  practically  nil,  so  that  the  formation  of  a  solid 
solution  cannot  be  doubted. 

In  those  cases  where  oxidation  of  the  manganous  hydroxide,  through 
oxygen  contained  in  the  water  or  through  access  of  air  to  the  filter, 
is  prevented  as  much  as  possible,  the  results  are  concordant,  and  it 
may  be  assumed  that  solely  MogO^  is  in  solid  solution  with  Fe^Og  ;  but 
if  the  manganous  hydroxide,  which  is  occluded  by  the  ferric  hydroxide, 
becomes  partially  oxidised  or  if  basic  salts  of  manganese  are  formed 
by  oxidation  of  the  double  salt,  MnS04,2NH4Cl,  in  solution,  then  most 
probably  higher  oxyhydroxides  of  manganese  are  produced,  such  as 

(0H)2Mn^^0  or  OH-(MnO)0-Mn-0(MnO)-OH, 

and  on  ignition  of  the  precipitate  a  mixture  of  MngO^  and  Mn^Og  in 
solid  solution  with  Fe^Og  is  obtained. 

If  ferric  hydroxide  is  precipitated  in  presence  of  relatively  small 
amounts  of  a  manganese  salt,  it  takes  up  as  much  as  95  per  cent,  of 
the  latter  in  solid  solution  (compare  experiment  No.  1  in  the  table, 
which  shows  that  of  000428  gr-am  of  manganese  present  in  aqueous 
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solution  000405  gram  is  taken  up  by  the  iron  oxide) ;  it  is,  therefore, 
hardly  possible  to  remove  all  the  manganese  by  repeated  precipitations 
of  the  iron.  In  addition  to  this,  the  occluded  manganese  hydroxide, 
having  a  tendency  to  become  oxidised  on  reprecipitation  of  the  iron, 
will  gradually  be  transformed  into  higher  oxides,  and  thus  the  weight 
of  a  precipitate  of  ferric  hydroxide  containing  manganese  in  solid 
solution  will  not  decrease  in  regular  order  by  repeatedly  dissolving  it. 
This  fact  is  borne  out  by  the  following  four  experiments :  10  c.c.  of 
solution  A,  4  c.c,  of  solution  B,  20  c.c.  of  ^V/2-ammonium  chloride, 
and  130  c.c.  of  water  were  precipitated  in  four  separate  quantities 
with  concentrated  ammonia  under  equal  conditions.  The  first 
precipitate  was  ignited  and  weighed  after  the  usual  manipulations, 
the  second,  third,  and  fourth  precipitates  were  dissolved  once,  twice, 
and  three  times  respectively,  ignited  and  weighed.  All  operations 
were  carried  out  in  precisely  the  same  manner,  and  the  following 
numbers  were  obtained  for  the  weights  of  the  final  precipitates. 

Ppt.  not  Ppt.  once  Ppt.  twice  Ppt.  thrice 

dissolved.  dissolved.  dissolved  dissolved. 

0-1418  gram        0-1402  gram       01384  gram  0-1373  gram 

Subtracting  0-1310  gram  of  ferric  oxide  in  each  case  gives  the 
amount  of  MugO^  taken  up  by  the  iron  hydroxide  in  solid  solution. 

Thus  it  follows  that  by  threefold  dissolution  and  reprecipitation 
only  about  40  per  cent,  of  the  total  occluded  manganese  can  be  removed. 

In  conclusion,  I  may  add  that  on  treatment  of  the  manganese  solution 
alone,  in  absence  of  iron,  with  concentrated  ammonia  under  otherwise 
identical  conditions,  only  minute  quantities  of  manganese  hydroxide 
separated  out,  which  were  not  in  proportion  to  the  manganese  present. 
Thus  amounts  of  2  c.c,  6  c.c,  10  c.c,  and  14  c.c.  of  solution  B  were 
treated  in  presence  of  corresponding  quantities  of  ammonium  chloride 
with  concentrated  ammonia  in  the  usual  way,  the  concentration 
being  kept  equal  to  that  of  the  manganese  salt  in  previous  experi- 
ments. The  precipitates  formed  were  only  visible  in  the  form  of  slight 
turbidities,  which  appeared  in  the  solutions  on  standing  the  usual 
length  of  time,  and  their  weights  were,  after  ignition,  all  almost 
exactly  O'OOl  gram.  Had  the  usual  amount  of  10  c.c.  of  the  iron 
solution  been  present,  the  weights  of  occluded  manganese  oxide  would 
have  been,  as  appears  from  the  given  table,  0-0U56,  0-0144,  0-0200,  and 
0-0201.  These  results  form  another  strong  argument  in  favour  of 
the  view  that  the  iron  hydroxide  takes  up  the  manganese  in  solid 
solution. 

Most  of  these  experiments  were  also  carried  out  with  a  solution  of 
manganous  acetate  equivalent  in  strength  to  solution  B ;  they  led 
throughout  to  similar  i-esults. 
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IV,     Solidj  Solution  of  Nichel  Oxide  in  Ferric  Oxide. 

A  solution  of  ferric  iron  -was  precipitated  in  presence  of  varying 
quantities  of  a  nickel  salt  with  concentrated  ammonia  at  the  boiling 
temperature,  proportionate  amounts  of  ammonium  chloride  having 
been  added  ;  the  precipitates  were  twice  decanted  with  boiling  water 
and  washed  well  on  the  filter,  then  dried,  heated  for  five  minutes  over 
the  blast  flame,  and  weighed.  The  formation  of  a  solid  solution  was 
more  or  less  apparent  in  each  series  of  experiments. 

The  following  solutions  were  used  : 

Solution  A  contained  54-4444  grams  of  ferrous  ammonium  sulphate 
in  1000  c.c.  of  water  at  15°  (=  I'OOOO  gram  of  ferrous  oxide  in  100  c.c). 

Solution  B,  containing  40  grams  of  hydrated  nickel  sulphate  in 
1000  c.c.  of  water,  gave  1-0800  gram  of  nickel  oxide  on  analysis  of 
100  c.c. 

Solution  A  was  oxidised  with  hydrogen  peroxide  before  making  up 
to  1000  c.c.  For  every  10  c.c.  of  solution  A,  4  c.c.  of  dilute  sulphuric 
acid  were  added  to  prevent  the  formation  of  basic  salts,  and  4  c.c.  of 
concentrated  ammonia  were  used  for  precipitation.  The  excess  of 
ammonia  and  of  ammonium  chloride  for  the  formation  of  the  soluble 
double  nickel  salt  was  kept  proportional  to  the  addition  of  solution  B. 


iV/2- 

NiO  dissolved 

Sol.  A 

Sol.  B 

NH4CI 

Water 

Ammonia  FcoOs  +  NiO. 

in  FejOa. 

No. 

in  c.c. 

in  c.c. 

in  c.c. 

in  c.c. 

in  c.c.        Gram. 

Gram. 

1 

10 

0 

0 

150 

4             0-1114 

— 

2 

10 

1 

24 

147i 

44           0-1205 

0-0091 

3 

10 

2 

5 

145 

5             0-1258 

0-0144 

4 

10 

3 

n 

1424 

5i           0-1280 

0-0166 

5 

10 

4 

10 

140 

6             0-1298 

0-0184 

6 

10 

6 

15 

135 

7             0-1302 

0-0188 

7 

10 

8 

20 

130 

8             0-1303 

0-0189 

8 

10 

10 

25 

125 

9             0-1306 

0-0192 

9 

10 

12 

30 

120 

10             0-1301 

0-0187 

10 

10 

14 

35 

115 

11             0-1298 

00184 

11 

10 

16 

40 

110 

12             0-1300 

0-0186 

12 

10 

18 

45 

105 

13             0-1301 

0-0187 

13 

10 

20 

50 

100 

14             0-1303 

0-0189 

The  above  numbers  show  the  results  of  one  series  of  experiments. 
It  is  apparent  that  the  saturation  of  the  solid  solution  takes  place 
when  10  c.c.  of  solution  A  and  4  c.c.  of  solution  B  are  precipitated  to- 
gether ;  on  further  addition  of  solution  B,  the  proportion  of  the  oxides 
in  solid  solution  with  one  another  remains  practically  constant. 

Taking  the  mean  weight  of  the  nickel  oxide  present  in  the  saturated 
solid  solution  with  ferric  oxide,  we  have  the  proportion  : 

1. 
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The  formation  of  this  solid  solution  may  be  regarded  as  being 
evidence  of  a  certain  power  of  adaptation  existing  between  the  nickel 
oxide  molecule  and  fei-ric  oxide ;  it  seemed  to  me  therefore  possible 
that  this  might  be  a  case  of  isomorphous  mixture  of  nickel  and  ferric 
oxides.  To  determine  the  nature  of  the  nickel  oxide,  I  made  deter- 
minations of  the  amounts  of  nickel  present  not  only  in  the  solid 
solution  of  the  two  oxides,  but  also  in  the  ammoniacal  filtrate  by 
electrolysis,  but  they  left  no  room  for  doubt  that  it  is  nickelous  and 
not  nickelic  oxide  which  forms  solid  solution  with  ferric  oxide. 

In  view  of  the  property  of  aluminium  hydroxide,  when  precipitated, 
of  carrying  down  with  it  considerable  quantities  of  other  salts  present 
in  solution,  and  considering  the  fact  that  alumina  and  aluminous  shales 
in  nature  frequently  play  an  important  part  in  the  formation  of  metal- 
lic lodes,  inasmuch  as  they  extract  by  way  of  absorption  metallic  salts 
from  their  solutions,  it  seemed  to  me  not  improbable  that  aluminium 
oxide,  similarly  to  ferric  oxide,  might  form  solid  solutions  with  other 
oxides.  Numerous  experiments  were  carried  out  in  investigating  this 
question,  but  they  all  gave  a  negative  result.  Manganese  and  nickel 
oxides  were  carried  down  in  considerable  quantity  by  aluminium 
hydroxide  on  precipitation  in  aqueous  solution,  but  the  amounts  varied 
in  a  most  irregular  fashion  and  showed  marked  discrepancies  in  pre- 
cisely similar  experiments,  so  that,  in  this  instance,  we  have  doubtless 
a  case  of  mechanical  inclusion,  depending  on  the  gelatinous  nature  of 
the  aluminium  hydroxide. 

Finally,  experiments  were  made  to  investigate  the  possible  forma- 
tion of  solid  solutions  on  precipitating  lead  sulphate  in  presence  of 
salts  of  zinc  and  manganese  in  solution,  but  no  facts  could  be  ascer- 
tained in  support  of  such  a  phenomenon,  and  in  most  cases  the  precipi- 
tates of  lead  sulphate  were  found  to  be  practically  free  of  all  admix- 
tures. 

In  conclusion,  I  wish  to  express  to  Sir  William  Ramsay  my  grateful 
appreciation  of  his  very  kind  interest  and  most  valuable  help. 

University  College, 
London. 
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CL. — The  Bromo-derivatives  of  Camphopyric  Acid. 

By  John  Addyman  Gardner,  M.A. 

In  a  former  communication  (Proc,  1900,  33,  46)  I  pviblished  a  brief 
preliminary  note  on  the  action  of  bromine  on  camphopyric  acid  in 
the  presence  of  phosphorvis  pentachloride.  In  the  present  paper  I 
give  a  further  account  of  this  reaction  and  of  the  properties  of  the 
substances  obtained. 

Under  the  conditions  mentioned,  an  a-hydrogen  atom  appears  to  be 
replaced  by  bromine,  giving  rise  to  two  isomeric  acids  :  cis-bromo- 
camphopyric  acid  (m.  p.  167°),  with  its  anhydride,  and  trans -hrorao- 
camphopyric  acid  (m.  p.  207 — 208°),  of  which  the  latter  is  the  more 
stable.  The  cis  acid  is  readily  convertible  into  its  anhydride  by  the  action 
of  acetyl  chloride,  but  the  trans-a.cid  is  not  affected  by  this  reagent. 
On  the  other  hand,  cis-bromocamphopyric  anhydride,  on  boiling  with 
water,  is  converted  into  a  mixture  of  ira«s-bromocamphopyric  acid 
and  decomposition  products,  probably  of  the  cis-acid. 

The  bromine  atom  is  readily  replaceable.  By  the  action  of  nascent 
hydrogen,  ^j-aws-bromocamphopyric  acid  yields  fo-ans-camphopyric  acid, 
while  both  cis-bromocamphopyric  acid  and  c^Vbromocamphopyric 
anhydride  give  ordinary  camphopyric  acid.  Under  the  influence  of 
alkalis,  the  bromine  in  both  acids  may  be  replaced  by  hydroxy!.  At- 
tempts to  replace  the  bromine  atom  by  CO.,H  through  the  cyanogen 
group  gave  negative  results,  but  I  hope  to  make  this  reaction  the 
subject  of  a  further  communication. 

Experimental. 

Preparation  of  cis-  ami  tr ems- Bromocamphopyric  Acids  and  Bromo- 
camphopyric  Anhyd,ride  from  cis-Camphopyric  Acid. 

The  substances  taken  for  reaction  were  weighed  out  approximately 
in  the  proportions  required  by  the  following  equation  :  CgHj^O^  + 
2PCI5  +  Br.2  =  CgH^iBrO.^Clg  -t-  2POCI3  +  2HC1  +  HBr.  In  the'  first  ex- 
periment, 22  grams  of  camphopyric  acid  were  mixed  with  50  grams  of 
phosphorus  pentachloride  and  heated  on  the  water-bath  in  a  reflux 
apparatus  until  the  mass  became  liquid  ;  21  grams  of  bromine  were 
now  added  gradually,  and  the  temperature  was  kept  for  two  hours  at 
100 — 110°  by  means  of  an  oil-bath,  when  the  evolution  of  acid  gas  had 
practically  ceased.  As  some  of  the  bromine  had  escaped  through  the 
condenser,  a  few  grams  more  were  added,  and  the  mixture  was  left 
overnight  at  the  ordinary  temperature.  The  liquid,  which  still  con- 
tained a  little  free  bromine,  was  then  distilled  under  15  mm.  pressure, 
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when  39  grams  of  impure  phosphorus  oxychloride,  practically  the 
theoretical  amount,  came  over  below  100°,  The  bulk  of  the  remaining 
substance  distilled  between  165°  and  180°,  the  principal  fraction  being 
collected  between  175°  and  180°.  As  a  considerable  amount  of  decom- 
position took  place,  the  fractionation  was  not  continued.  The  dis- 
tillate was  dissolved  in  light  petroleum  and  poured  into  water.  As 
the  petroleum  evaporated,  crystalline  matter  mixed  with  dark  oil 
separated.  In  subsequent  experiments,  it  was  found  better  to  dispense 
with  distillation  in  vacuo,  and  pour  the  acid  chlorides  directly  on  to  ice. 
After  the  decomposition  of  the  acid  chlorides  was  completed,  a  semi- 
solid mass  was  obtained,  more  or  less  discoloured  by  tarry  matter ;  the 
aqueous  acid  liquors  were  extracted  with  ether,  and  the  extract  added 
to  the  rest  of  the  solid.  This  solid  matter  was  repeatedly  crystallised 
from  benzece,  and  two  fractions  were  obtained,  namely,  cis-bromo- 
camphopyric  acid  (m.  p.  167°),  which  was  readily  soluble  in  hot  benzene, 
but  only  slightly  so  in  the  cold  solvent,  and  bromocamphopyric  anhy- 
dride (m.  p.  226°),  which  was  much  more  soluble.  The  yields  were  only 
moderate.  The  anhydride  was  usually  obtained  in  greater  quantity 
than  the  acid,  but  the  relative  proportions  varied  in  different  experi- 
ments. The  black  oily  mother  liquors  left  after  the  separation  of 
these  substances,  together  with  the  tarry  residue  insoluble  in  benzene 
iu  certain  experiments,  were  extracted  with  aqueous  sodium  carbonate. 
The  filtered  extracts  on  acidification  yielded  a  crystalline  deposit  of 
impure  ^ra?i5-bromocamphopyric  acid,  which,  when  purified  by  conver- 
sion into  its  barium  salt  and  recrystallised  from  water,  melted  at  207°. 
The  amount  usually  obtained  was  relatively  very  small. 

In  one  experiment,  where  dry  red  phosphorus  was  substituted  for 
phosphorus  peutachloride,  28  5  grams  of  dry  camphopyric  acid  were 
ground  with  3 "5  grams  of  this  reagent  and  placed  in  a  retort  attached 
to  a  reflux  condenser.  Dry  bromine  was  added  drop  by  drop,  but 
after  the  first  violent  action  had  subsided  69  grams  of  bromine  were 
introduced  more  rapidly.  The  mixture  was  heated  on  the  water- 
bath  for  four  or  five  hours,  then  left  overnight  and  again  heated  until  all 
the  evolution  of  gas  had  ceased.  The  liquid  in  the  retort  was  then 
poured  into  half  a  litre  of  water,  containing  50  c.c.  of  acetic  acid,  at 
70°,  when  a  black,  tarry  cake,  with  an  upper  layer  of  white,  crys- 
talline matter,  was  obtained.  This  product  was  extracted  with 
benzene  and  yielded  about  20  grams  of  crystalline  matter,  from  which 
about  10  grams  of  pure  cis-bromocamphopyric  acid  was  isolated.  A 
good  deal  of  unchanged  camphopyric  acid  was  present,  and  this 
method  of  preparation  proved  very  troublesome.  No  bromo-anhydride 
was  isolated,  but  the  tai-ry  residues  yielded  to  aqueous  sodium  carb- 
onate, a  small  amount  of  ^rans-bromocamphopyric  acid. 

Preparation  from  tvsius- Camphopyric  Acid. — il^-ans- Camphopyric  acid 
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was  mixed  with  an  equal  weight  of  phosphorus  trichloride  and  three 
times  its  weight  of  dry  bromine,  and  heated  on  an  oil-bath  for  several 
hours  at  100 — 110°.  The  liquid  was  poured  into  water  and  treated  as 
described  under  camphopyric  acid.  cis-Bromocamphopyric  acid  was 
obtained  (m.  p.  167°)  as  the  chief  product,  a  little  anhydride  being  also 
formed,  but  no  trace  of  tra7is-a.cid. 

From  Gamphojyyric  Anhydride. — When  camphopyric  anhydride  is 
used  instead  of  camphopyric  acid,  the  chief  products  are  cis-bromo- 
camphopyric  anhydride  and  <ra?is-bromocamphopyric  acid  (m.  p.  207°), 
little  or  no  cis- bromocamphopyric  acid  being  prodviced. 

In  the  first  experiments,  12 '4  grams  of  dry  camphopyric  anhydride 
were  mixed  with  16  grams  (1  mol.)  of  phosphorus  pentacliloride  and 
heated  on  the  water-bath  until  complete  liquefaction  had  taken  place. 
Dry  bromine  (1|^  mols.)  was  now  added  and  the  mixture  heated  on  the 
water-bath  for  several  hours.  The  oxychloride  was  distilled  in  vacuo 
and  the  residue  poured  on  to  ice.  The  semi -solid  mass  obtained  was 
boiled  out  with  benzene,  and  the  extract  deposited  crystals  of  bromo- 
camphopyinc  anhydride.  The  black  solid,  insoluble  in  benzene,  when 
extracted  with  boiling  water,  yielded  crystals  of  the  ira?is-acid. 

In  subsequent  experiments,  it  was  found  that  a  somewhat  better 
yield  of  the  ^ra/ts-acid  could  be  obtained  by  using  phosphorus  tri- 
chloride instead  of  the  pentachloride ;  10  grams  of  dry  anhydride  were 
mixed  with  10  grams  of  phosphorus  trichloride  and  30  grams  of  dry 
bromine  and  heated  on  the  oil-bath  at  100 — 110°  for  several  hours, 
the  temperature  towards  the  end  being  allowed  to  rise  to  130°.  After 
cooling,  the  liquid  was  poured  on  to  ice  and  left  until  the  decomposi- 
tion of  the  acid  chlorides  was  completed,  The  stiff  paste  so  obtained 
was  thoroughly  extracted  with  hot  benzene,  the  benzene  solution,  on 
evaporation,  depositing  crystals  of  impure  bromo-anhydride ;  the 
insoluble  residue  was  dissolved  in  boiling  water  ;  the  filtered  solution, 
on  cooling,  deposited  crystals  of  the  ira?is-bromo-acid.  A  further 
quantity  of  this  acid  was  also  obtained  by  extracting  the  black  oily 
mother  liquors  of  the  anhydride  with  dilute  aqueous  sodium  carbonate. 
The  yields  were  only  moderate,  as  a  good  deal  of  decomposition  took 
place.  The  relative  quantities  of  acid  and  anhydride  appeared  to  vary 
with  the  conditions  of  reaction,  but  the  quantity  of  anhydride  was 
usually  in  excess. 

In  one  experiment,  the  anhydride  was  treated  with  phosphorus 
pentabromide  and  excess  of  bromine  in  the  same  manner,  but  the 
bromination  was  only  partial,  and  the  various  products  were  very 
difiicult  to  separate. 

ci^-Bromocmnphopyric  Acid. — This  acid  is  a  white,  crystalline 
powder,  which  melts  at  167°  with  previous  softening,  darkens  in 
colour  on  melting,  and  decomposes  rapidly  at  a  higher  temperature ;  it 
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is  readily  soluble  in  hot  benzene,  but  sparingly  so  in  the  cold  solvent, 
and  this  pi^operty  is  utilised  in  its  purification.  The  acid  is  also 
soluble  in  chloroform,  ether,  ethyl  acetate,  and  alcohol ;  it  is  very 
soluble  in  hot  water  and  in  glacial  acetic  acid,  but  appears  to  undergo 
some  slight  decomposition  in  these  solvents,  as  the  crystals  which 
separate  are  somewhat  discoloured,  and  melt  at  a  lower  temperature  ; 
they  are,  however,  easily  purified  by  recrystallisation  from  benzene. 

0-3024  gave  0-4505  COj  and  0-1335  H^.     C  =  40-64  ;  H  =  4-91. 
0-2134     „     0-1506  AgBr.     Br  =  30-03. 
Cc^H^P^Br  requires  C  =  40*75  ;  H  =  4-90  ;  Br  =  30-19  per  cent. 

The  acid  was  dibasic,  but  decomposed  slightly  on  solution  in  water ; 
in  aqueous  solution,  0-3832  gram  required  for  neutralisation  16 '6  c.c.  of 
N/5  solution  of  sodium  hydroxide,  the  formula  CglljgO^Br  requiring 
14-46.  On  titration  in  alcoholic  solution,  however,  02828  gram  of 
acid  required  10-66  c.c.  of  jS^/o  sodium  hydroxide  ;  theory  requires 
10-67  c.c. 

The  ammonium  salt  separated  as  a  white,  amorphous  powder  on 
passing  a  current  of  dry  ammonia  through  a  solution  of  the  acid  in  dry 
ether.  On  heating,  the  salt  began  to  decompose  at  174°,  but  had  not 
melted  at  230° ;  it  is  very  soluble  in  water. 

0-3438  gave  NHg,  equivalent  to  11-54  c.c.  ^/5  NaOH.     N  =  9-38. 
CgH^^Br04(NH4)2  requires  N  =  9-36  per  cent. 

trRns-£romocam2)ho2)yric  Acid. — This  acid  is  sparingly  soluble  in 
cold  water,  but  readily  in  hot,  from  which  it  separates  on  cooling  in 
glistening,  leaf -like  crystals;  it  is  easily  soluble  in  alcohol,  ether,  and 
ethyl  acetate,  but  sparingly  so  in  chloroform  and  benzene.  It  may  be 
obtained  in  lai-ge  crystals  from  a  mixture  of  ethyl  acetate  and  chloro- 
form. These  crystals  were  kindly  measured  for  me  by  Mr.  Graham 
in  Prof.  Miers's  laboratory  at  Oxford,  and  the  results  are  given  in  an 
appendix  to  this  paper.  The  acid  melts  sharply  at  207 — 208°  without 
previous  softening.  Unlike  its  isomeride,  it  behaves  as  a  monobasic 
acid. 

I  had  some  difliculty  in  getting  a  good  specimen  for  analysis.  A 
number  of  specimens,  apparently  pure,  were  analysed,  but  the  carbon 
was  always  too  high  and  the  hydrogen  too  low.  Whether  this  was 
due  to  some  small  and  fairly  constant  amount  of  impurity,  or  to  some 
difficulty  in  combustion,  I  am  unable  to  say,  but  the  combustion 
given  and  the  analyses  of  vai-ious  salts  and  other  derivatives  leave  no 
doubt  as  to  the  formula. 

0-2543  gave  0-3814  COg  and  0-116  HoO.     C  =  40-9  ;  H  =  5-07. 
0-4228     „     0-302  AgBr.     Br  =  30-39"'. 
CgH^gO^Br  requires  C  =  40-75  ;  H  =  4-9  ;  Br  =  30-19  per  cent. 
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The  barium  salt  was  prepared  either  by  boiling  an  aqueous  solution 
of  the  acid  with  barium  carbonate  or  by  dissolving  the  acid  in  a 
baryta  solution  and  precipitating  the  excess  of  this  hydroxide 
by  means  of  carbon  dioxide.  On  concentrating  the  solution  to  the 
required  extent  and  allowing  to  cool,  the  salt  separated  in  stellar 
aggregates  of  small,  needle-shaped  crystals.  Various  specimens  from 
different  samples  of  the  acid  were  analysed,  the  water  being  eliminated 
at  100°. 

0-3856  gave  0-037  HgO  and  0-123  BaSO^.    H2O  =  9-59  ;  Ba  =  18-75. 
0-6254     „     0-0602  H2O  and  0-2  BaSO^.     HgO  =  9-62  ;  Ba  =  18-8. 
0-3164     „     0-0296  H,0  and  0-1024  BaSO^.  H20  =  9-35;  Ba  =  19-02. 
0-2662     „     0-2871  062  and  0-1056  H^O.     C  =  29-41 ;  H  =  4-44. 
C^jHjoO^BrBa,  +  2H2O  requires  HgO  =  9-76  ;  Ba  =  18-58  ;  C  =  29-31  ; 
H  =  4-34  per  cent. 

The  silver  salt,  which  was  prepared  by  dissolving  silver  carbonate 
in  an  aqueous  solution  of  the  acid,  was  moderately  soluble  in  hot 
water,  but  less  so  in  cold.  After  concentrating  the  aqueous  solution, 
the  salt  was  deposited  on  cooling  in  the  form  of  glistening,  white 
leaflets. 

0-334  gave  0-1284  AgCl.     Ag  =  28-93. 

Q^^^O^vA^g  requires  29-03  per  cent. 

The  ammonium  salt,  prepared  by  neutralising  an  aqueovis  solution  of 
the  acid  with  ammonia,  was  too  soluble  to  crystallise  easily  from 
water,  so  the  solution  was  evaporated  to  dryness  and  the  salt  crystal- 
lised from  hot  alcohol ;  it  was  obtained  as  a  white,  glistening  powder. 
On  heating,  it  became  black  and  decomposed  with  evolution  of  gas  at 
215—220°. 

0-3895  yielded  NH3,  equivalent  to  13-78  c.c.  of  iV/10  KHO. 
N  =  4-95.     CgHjgO^NBr  requires  4-96  per  cent. 

Monomethyl  Ester  of  tvems-Bromocamphopijric  Acid. — The  dry  silver 
salt  was  heated  for  sevei  al  hours  on  the  water-bath  in  a  closed  soda- 
water  bottle  with  methyl  alcohol  and  the  theoretical  quantity  of 
methyl  iodide,  and  the  filtrate  from  the  silver  iodide  was  then 
evapoi-ated  to  dryness  ;  the  dry  residue  was  boiled  with  benzene,  when 
the  greater  portion  dissolved.  The  insoluble  residue  proved  to  be 
frayis-bromocamphopyric  acid  (m.  p.  206 — 207°).  On  evaporating  the 
benzene  extract,  the  ester  was  obtained ;  it  was  too  soluble  in  this 
solvent  to  crystallise  readily,  but  was  deposited  from  a  mixture  of 
benzene  and  light  petroleum  in  the  form  of  glistening,  white  leaflets. 
Under  some  conditions,  these  took  the  form  of  flat  needles.  After 
crystallising  several  times,  the  substance  melted  sharply  at  84 — 85°. 
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0-1868  gave  0-2955  CO2  and  00842  H2O.     C  =  43-14;  H  =  5-01. 
CioHisO^Br  requires  C  =  43-01  ;  H  =  5-37  per  cent. 

Bromocampho2)yric  Anhydride. 

This  substance  is  insoluble  in  water,  alcohol,  and  light  petroleum, 
but  readily  soluble  in  benzene,  ether,  ethyl  acetate,  and  chloi'oform ;  it 
is  most  easily  crystallisable  from  benzene  or  from  a  mixture  of  ethyl 
acetate  and  chloroform.  The  crystals,  which  melt  sharply  without 
decomposition  at  226°,  were  measured  by  Mr.  Graham,  whose  results 
are  appended. 

0-368  gave  0-28  AgBr.     Br  =  32-38. 

0-2944,,     0-474  CO2  and  01203  H^O.     C  =  43-91  ;  H  =  454. 
CgHjiOgBr  requires  C  =  43-72  ;  H  =  4-45  ;  Br  =  32'39  per  cent. 

The  Anil  from  Bromocamphopyric  Anhydride. — Some  bromo- 
anhydride  was  boiled  with  excess  of  aniline  for  a  few  minutes.  After 
cooling,  the  mixture  was  extracted  with  dilute  hydrochloric  acid  and 
the  insoluble  residue  crystallised  from  alcohol ;  it  separated  in  colour- 
less, crystalline  plates,  which  melted  at  149 — 150°. 

0-2762  gave  11  c.c.  nitrogen  at  766  mm.  and  17-5°.     N  =  4-64. 
CjjHigOgNBr  requires  N  =  4-35  per  cent. 

On  using  o-toluidine  instead  of  aniline,  a  similar  substance  was 
obtained,  which  crystallised  from  dilute  alcohol  in  pearly  leaflets, 
melting  at  155—156° 

Action  of  Acetyl  Chloride  on  the  cis-  and  tva,ns-Bromo-acids. — 
c?s- Bromocamphopyric  acid  (m.  p.  167°)  was  boiled  for  a  few  minutes 
with  an  excess  of  acetyl  chloride  and  the  solution  evaporated  to  dry- 
ness ;  the  dry  residue  was  readily  soluble  in  benzene,  and  on  allowing 
the  solution  to  evaporate  spontaneously  the  characteristic  crystals  of 
bromocamphopyric  anhydride  (m,  p.  226°)  separated,  the  yield  being 
quantitative. 

The  fjTms-bi'omocamphopyric  acid  (m.  p.  207°)  was  boiled  with 
excess  of  acetyl  chloride  in  a  reflux  apparatus  for  half  an  hour  and 
then  evaporated  to  dryness.  The  dry  residue  was  entirely  soluble  in  a 
dilute  solution  of  sodium  carbonate,  and  on  acidification  the  original 
acid  was  reprecipitated  unchanged. 

Behaviour  of  the  ti-Aus- Acid  with  Phosphorus  Penta chloride. — Two 
grams  of  the  acid  were  ground  up  with  a  slight  excess  of  phosphorus 
pentachloride,  hydrogen  chloride  was  evolved,  and  the  mass,  which 
began  to  liquefy,  was  heated  in  the  water-oven  until  the  whole  had 
become  liquid  and  evolution  of  the  hydrogen  halide  had  ceased,  when 
the  product  was  poured  into   water.     The  solid  residue,  which   was 
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only  slightly  soluble  in  benzene,  on  recrystallisation  from  boiling 
water  melted  at  207 — 208".  The  bulk  of  the  acid  was  recovered  un- 
changed. 

Action  of  Water  on  Bromocamphojjyric  Anhydride. — Bromocampho- 
pyric  anhydride  is  insoluble  in  cold  water,  but  on  long  boiling  in  a 
reflux  apparatus  it  gradually  passed  into  solution,  giving  a  dis- 
coloured liquid  and  leaving  a  little  tarry  matter.  The  solution  con- 
tained free  hydrobromic  acid,  and  on  evaporation  crystals  separated, 
which,  after  recrystallisation,  melted  at  207 — 208°,  and  proved  to  be 
ira7is-bromocamphopyric  acid.     The  silver  salt  was  analysed. 

0-2292  gave  0-0898  AgCl.     Ag  =  29-48. 

The  yield  of  pure  acid  was  about  40  per  cent,  of  the  weight  of  the 
anhydride  taken.  Probably  the  bromoanhydride  gave  on  hydrolysis 
a  mixture  of  the  <ra?is-acid  and  the  decomposition  products  of  the  cis- 
acid,  as  I  was  unable  to  isolate  any  trace  of  this  substance. 

Bromocamphopyric  anhydride,  although  insoluble  in  cold  alcohol, 
slowly  passed  into  solution  on  continued  boiling,  and  on  evaporating 
this  solution  a  viscid  oil  was  obtained,  which  decomposed  on  distilla- 
tion in  vacuo,  the  decomposition  products  yielding  small  quantities 
of  the  trans-Sicid.  and  its  moaomethyl  ester.  All  attempts  to  isolate 
any  cis-bromocamphopyric  acid  by  hydrolysis  of  this  oil  led  to 
negative  results. 

Action  of  Sodium  Amalgam. — Two  grams  of  ^rrt?ts-bromocampho- 
pyric  acid  were  dissolved  in  100  c.c.  of  a  solution  of  sodium  carbonate 
and  reduced  with  an  excess  of  2 — 3  per  cent,  sodium  amalgam  in  a 
current  of  carbon  dioxide.  After  the  reduction  was  complete,  the 
alkaline  liquid  was  evaporated  to  a  small  bulk,  acidified,  and  extracted 
with  ether.  The  ethereal  eiftract  was  evaporated  to  dryness  and  re- 
crystallised  from  water ;  it  had  the  appearance  of  ^raws-camphopyric 
acid,  and  on  treatment  with  acetyl  chloride  yielded  no  camphopyric 
anhydride.  A  specimen  of  the  acid  on  combustion  gave  the  following 
numbers  : 

0-25  gave  0-5285  CO^  and  0-1755  H2O.     0  =  57-65  ;  H  =  7-8. 
CgHjp^  requires  C  =  58-06  and  H  =  7-52  per  cent. 

One  gram  of  Cis-bromocamphopyric  acid  (m.  p.  167°),  when  treated 
in  precisely  the  same  way,  yielded  an  acid  having  the  appearance 
and  properties  of  cis-camphopyric  acid.  This  product  was  boiled  with 
acetyl  chloride,  evaporated  to  dryness,  and  the  residue  washed  with 
dilute  sodium  carbonate.  On  crystallisation  from  dilute  alcohol,  the 
long,  characteristic  needle-shaped  crystals  of  camphopyric  anhydride 
(m.  p.  178°)  were  obtained. 

Five   grams    of     bromocamphopyric    anhydride    were    dissolved   in 
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100  c.c.  of  ether,  and  the  solution  was  shaken  for  several  hours  in  a 
stoppered  bottle  with  an  excess  of  3  per  cent,  sodium  amalgam  and 
a  quantity  of  a  saturated  solution  of  sodium  hydrogen  carbonate 
more  than  equivalent  to  the  amount  of  sodium  taken.  After  standing 
overnight,  the  ethereal  solution  was  separated,  the  alkaline  liquor 
was  acidified  and  extracted  with  ether,  the  ethereal  solution  and 
extract  were  evaporated  to  dryness,  and  the  white  solid  obtained 
crystallised  twice  from  hot  water,  when  colourless,  flaky  crystals 
were  obtained  which  melted  at  208 — -209°  and  had  all  the  properties 
of  camphopyric  acid.  On  treatment  with  acetyl  chloride  and  re- 
crystallisation  from  dilute  alcohol,  it  yielded  the  long,  characteristic 
needles  of  camphopyric  anhydride  melting  at  178°. 

Action  of  Alkalis. — The  quantities  of  these  various  bromo-derivatives 
at  my  disposal  did  not  admit  of  a  complete  investigation  of  the  action 
of  alkalis,  which  seemed  somewhat  complex,  but  evidence  was  obtained 
of  the  production  of  hydroxy-acids  by  the  replacement  of  the  bromine 
atom  by  hydroxyl. 

When  cis-bromocamphopyric  acid  is  boiled  for  some  time  with  a 
10  per  cent,  solution  of  caustic  potash,  or  with  baryta  water,  and 
the  solution  acidified  and  extracted  with  ether,  an  oil  is  obtained 
which  partially  solidifies  on  standing.  The  oily  portion  was  removed 
by  washing  with  a  little  ether.  The  solid,  which  was  very  soluble  in 
water,  although  very  sparingly  so  in  benzene  and  chloroform,  was 
crystallised  by  dissolving  in  ether,  adding  benzene,  and  evaporating  off 
most  of  the  ether.  This  process  was  repeated  several  times,  but  was 
not  effective  in  getting  rid  of  the  last  traces  of  impurity.  The 
melting  point  was  difficult  to  determine,  as  the  substance  began  to 
decompose  slowly  with  evolution  of  gas,  and  seemed  to  melt  between 
204^  and  210°.  Between  215°  and  220°,  the  evolution  of  gas  was 
very  rapid,  but  the  substance  did  not  darken  in  colour  ;  it  contained 
no  bromine,  and  appeared  to  be  a"  dibasic  hydroxy -acid. 

0-2052  gave  0399  COg  and  0-1226  H2O.     C  =  53-03  ;  H  =  G-64. 
OyH^^Og  requires  0  =  53-46  ;  H  =  6-93  per  cent. 
0-1619  required  for  neutralisation  16-14  c.c.  of  iV710  Ba(0H)2. 
C^jHj^O^  requires  16-03  c.c. 

One  gram  of  frrt?is-bromo-acid  was  heated  with  excess  of  baryta  in 
a  sealed  tube  at  120 — 150°  for  several  hours.  The  excess  of  barium 
was  precipitated  by  carbon  dioxide,  and  the  concentrated  filtrate  then 
acidified  and  extracted  with  ether.  A  brown  solution  was  obtained 
which  became  green  on  drying  with  calcium  chloride.  On  evaporating 
the  ether,  a  bluish-violet  oil  was  obtained  which  was  soluble  in  water, 
giving  a  colourless  solution  along  with  some  tarry  matter.  The 
solution  on  neutralisation  with  baryta  and  evaporation  gave  a  white 
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crystalline  barium  salt.  From  this  barium  salt  a  small  quantity  of 
an  acid  was  obtained,  which,  after  crystallisation  from  benzene  con- 
taining ether,  melted  sharply  at  206°,  and  decomposed  with  evolution 
of  a  gas  at  a  higher  temperature.  I  had  not  sufficient  of  this 
substance  for  further  purification,  or  for  a  fuller  examination  of  its 
properties. 

0-182  gave  0-3587  CO2  and  01315  H.p.     0  =  5375;  H  =  803. 
CgHj^Oj  requires  53-46  ;  H  =  6"93  per  cent. 

The  barium  salt  contained  37-5  per  cent,  of  barivim ;  CgHjoO^Ba 
i-equires  40-9  per  cent. 

Four  grams  of  bromocamphopyric  anhydride  were  boiled  with  a 
solution  of  8-5  grams  of  baryta  until  dissolved  ;  the  solution,  which 
contained  barium  bromide,  was  evaporated  nearly  to  dryness  and 
acidified  with  an  amount  of  hydrochloric  acid  equivalent  to  the 
baryta  taken  ;  it  was  then  evaporated  to  dryness  aod  extracted  with 
alcohol.  On  evaporating  the  alcohol,  a  black,  oily  mass  was  left;  this 
was  dissolved  in  hot  water,  filtered  several  times  to  get  rid  of  tarry 
matter,  and  evaporated  to  small  bulk.  After  several  days,  it  gradually 
set  to  a  viscid  oil  imjjregnated  with  crystalline  matter.  The  oil  has 
not  yet  been  investigated,  but  the  crystals  were  dissolved  in  ether  and 
benzene  added,  when  crystals  slowly  separated  which  melted  at 
228 — 230°,  at  the  same  time  becoming  black  and  giving  oif  gas.  A 
second  crop  melted  at  227 — 228°.  These  were  twice  crystallised  from 
ether-benzene,  when  the  melting  point  rose  a  degree  or  two  ;  the  exact 
melting  point  was,  however,  difficult  to  determine,  as  the  substance 
began  to  soften  at  about  212°  and  the  melting  poinc  was  rendered 
indefinite  owing  to  decomposition.  As  far  as  I  could  judge,  one 
specimen  melted  at  230—231°  and  another  at  232—233°.  The 
specimens  were  not  pure,  bvit  a  repetition  of  the  crystallisation  from 
ether-benzene  did  not  appear  to  remove  the  impurity.  I  did  not  hit 
on  a  more  suitable  soh'ent  for  the  small  quantities  at  my  disposal. 
The  substance  neither  decolorised  permanganate  solution  in  the  cold 
nor  combined  with  bromine,  and  an  analysis  rendered  it  probable  that 
it  is  a  hydroxy-acid. 

The  specimen  employed  in  the  first  analysis  melted  at  230 — 231°, 
that  taken  for  the  second  at  232—233°. 

0-2315  gave  0-448  00.,  and  0-1587  H2O.     0  =  52-78;  H  =  7-61. 
0-2568     „     0-5028  06,  „    01364  H2O.     0  =  53-4  ;  H  =  5-9. 
OgH^^Oj  requires  53*46  ;  H  =  6-93  per  cent. 

The  acid  appeared  to  be  monobasic.  On  neutralising  its  aqueous 
solution  with  baryta  and  evaporating,  the  barium  salt  was  obtained  as 
a  white,  crystalline  mass. 
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0-2564  of  the  dried  silt  gave  0-1112  BaSO^.     Ba  =  25-53. 

CgHjgOjBaj  requires  Ba  =  25*42  per  cent. 
0-5568  at  100°  lost  0-7125  Hp.     Kfi  =  13-34. 

4C9H^305Ba.,9H.p  requires  H20  =  13-06  per  cent. 

The  acid  recovered  by  extracting  the  filtrate  from  barium  sulphate 
in  the  above  analysis  with  ether  was  boiled  with  silver  carbonate.  On 
evaporating  the  filtered  solution,  a  white,  crystalline  silver  salt  was 
obtained. 

0-1375  gave  on  ignition  0-493  Ag  =  35-8. 

CgH^gOjAg  requires  Ag  =  34-95  per  cent. 

I  am  preparing  these  substances  in  larger  quantity,  and  hope  on 
some  future  occasion  to  bring  before  the  Society  a  more  detailed  and 
complete  account  of  the  action  of  alkalis  on  the  bromocamphopyric 
acids. 

I  wish  to  express  my  thanks  to  the  Chemical  Society  for  the  grant 
from  the  Research  Fund  by  means  of  which  the  cost  of  this  work 
was  partly  defrayed  ;  and  also  to  my  assistant,  Mr.  J.  S.  Fleminger, 
for  much  valuable  help. 


APPEXDIX.— By  R.  P.  D.  Graham,  B.A. 

The  Properties  of  the  Cnjstcols  of  tva,ns- B romocamphopi/ric 
Acid  and  of  Bromocamphopyric  Anhydride. 

trsLXXs-Bromocamphopyric  Acid. 

This  substance,  /?-rtres-bromocamphopyric  acid,  when  crystallised  from 
ethyl  acetate  and  chloroform,  separates  in  the  form  of  very  thin,  flat 
plates  or  blade-like  crystals  ;  these  have  a  perfect  cleavage  in  the  plane 
of  the  plates  (parallel  to  C),  which  gives  rise  to  a  pearly  lustre  on  this 
face  ;  they  are  very  soft  (H=  1  approximately)  and  flexible.  Some  of 
the  ci-ystals  exhibit  very  narrow  facets  on  their  edges,  which  are  fairly 
plane,  and  the  axial  elements  given  below  have  been  calculated  from 
the  measurements  obtained  from  these.  In  the  figure,  the  thickness  of 
the  crystals  is  greatly  exaggerated  in  order  to  show  these  faces  more 
clearly.  Owing  probably  to  the  perfect  cleavage  parallel  to  the 
large  faces,  these  facets  are  always  more  or  less  striated,  and  yield,  in 
general,  a  series  of  overlapping  images  of  the  collimator  signal,  making 
it  difficult  to  determine  their  angles  accurately.  The  following  axial 
elements  can  therefore  be  regarded  only  as  a  rough  approximation  ; 
they  are  calculated  from  the  angles  of  the  four  best  crystals 
measured. 

VOL.   LXXXVII.  5   I 
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Anorthic. 

a:6:c  =  ?:l:l-995. 

a=  112^18',  /3  =  82°38' 

y  =  116°27 

Observed  forms:  ^{100},  ^{010}, 

6'{00] 

\,D\on}. 

Angle. 

Mean  value 

Remarks. 

AB  =  100  :  010 

6.^23' 

Mean  of  3  (63'52'- 

-64°45' 

AC  =  100  :  001 

87  11 

One  measurement 

only 

BC  =  010  :  001 

68  43 

Mean  of  3  (68°30'- 

-69°0') 

AD  =  100  :011 

64    8 

Calculated 

BD  =  010  :  Oil 

26  49 

Mean  of  3  (26^0'- 

-27°45' 

GD  =  001  :  Oil 

95  32 

Mean  of  3 

Simple  crystals  of  this  substance  seem  to  be  rare :  even  the  finest 
and  thinnest  blades,  when  viewed  under  the  microscope,  either  do  not 
completely  extinguish,  or  else  do  so  only  in  patches,  the  extinction 
lines  of  which  are  inclined  to  one  another  at  a  certain  definite  angle- 
The  twin  laws  for  these  were  determined  both  by  the  measurement  of 

Fig.  1. 


a  twinned  crystal,  and  also  from  the  directions  in  which  an  optic  axis 
emerges  from  the  two  simple  portions  :  they  are  twinned  about  an 
axis  [CB],  parallel  to  the  long  edges  of  the  blades,  in  such  a  way  that 
the  faces  C(OOl)  and  C  OOT  lie  in  a  plane,  meeting  in  a  line  parallel 
to  the  twin  axis  (twin  axis  I  in  Fig.  2).  In  two  cases  a  second 
type  of  twin  was  observed,  in  which  the  twin  axis  is  the  edge  [AC] 
(twin  axis  II) ;  this  gives  rise  either  to  knee-shaped  or  to  completely 
intei'penetrant  twins,  in  which  the  two  individuals  are  inclined  at  an 
angle  of  about  127° ;  here  again  the  two  faces  C  and  C'fall  in  a  plane. 
One  of  the  twins  on  this  law  which  was  actually  studied  (represented 
diagrammatically  in  Fig.  2)  was  rather  more  complex,  each  of  the  two 
crystals  which  were  twinned  together  on  the  axis  [AC]  being  itself  a 
twin  consisting  of  two  individuals  twinned  on  the  axis  [CB]  The 
mutual  relations  of  the  four  individuals  could  be  completely  established 
by  the  emergence  of  an  optic  axis  in  each.  The  extinction  on  the  edge 
[CB]  of  the  blades  is  17^°;  so  that  in  the  twin  crystals  there  is  an 
extinction  of  17^°  on  each  side  of  the  line  of  junction  of  the  two 
individu  ils. 
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The  quartz  wedge  compensates  when  it  is  inserted  with  its  length 
at  right  angles  to  the  blades,  which  are  always  elongated  along  the 
o-axis. 

Viewed  in  convergent  white  (or  monochromatic)  light  between 
crossed  nicols,  an  optic  axis  emerges,  in  air,  just  within  the  edge  of  the 
field  of  view,  on  the  side  of  the  acute  angle  between  the  faces  (010)  and 
(100),  that  is,  towards  the  right-hand  front  corner  in  Fig.  1. 

Although  many  attempts  were  made,  using  the  stage  goniometer,  T 


Fig.  2. 


IWm-BxisIl 


was  unable  to  measure  the  optic  axial  angle  or  to  determine  the  sign 
of  the  birefringence.  The  crystals  have  a  refractive  index  of  1-495 
for  sodium  light  as  measured  by  the  total  reflectometer,  and  show  a 
faii'ly  strong  birefringence. 


Bromocamphopyric  Anhydride. 

Two  samples  of  the  crystals  were  examined — one  sample  having  been 
obtained  by  crystallisation  from  benzene   and   the   other   from  ethyl 

5  I  2 
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acetate ;  they  were  shown  to  be  identical  both  by  optical  and  by  gonio- 
metrical  tests.  The  following  geometrical  characters  were  deduced 
from  measurements  made  on  six  crystals  : 

Monoclinic. 


a:6:c=l-094:l 

:0'8679 

;  /a  =  87^4'. 

Observed  forms  : 

^{100|, 

^{OlOj,  C{001},  i/{110}. 

P{111}, 

(9{Tll},  X[201},  Y 

•201}. 

No.  of 

Angle. 

measure- 
ments. 

Limits. 

Mean. 

Calculated. 

*AM  =  IQQ  :110 

20 

47°25'— 47°37V 

47°31i' 

BM  =010  :nO 

20 

42  23  —42  33 

42  29i 

42°28|' 

AX  =100  :201 

1 



30  38 

3126 

AD  =100  :101 

— 

_ 

— 

49  53 

AC  =100  :  001 

1 

— 

87  11 

87  14 

AD  =100  :  101 

— 

— 

53  17 

^F=100  :201 

3 

33    3—33  26 

33  13 

33    0 

*MP  =110  :  111 

10 

39    9—39  54 

39  36 

*P0    =111  :  001 

5 

48    9—48  45 

48  32 



OC    =111  :001 

7 

50  23  —51  14 

50  44 

50  40i 

MO  =110  :111 

14 

40  58  —41  30 

41  12i 

41  Hi 

Ancfles  used  for  calculations. 


The  crystals  from  both  solvents  were  small,  being  seldom  more  than 
2  rtim.  in  length,  and  were  also  of  the  same  habit ;  they  differ  only  in 
the  greater  transparency  of  the  crystals  from  ethyl  acetate,  those 
obtained  from  benzene  being  often  rather  clouded  and  not  so  well 
developed. 

As  a  rule,  the  crystals  are  colourless  and  transpai-ent,  with  a  vitreous 
lustre  ;  their  habit  is  that  of  thin,  monoclinic  prisms,  il/[l  10},  terminated 
by  the  two  hemi-pyramids,  /'{111}  and  0{Tll},  as  shown  in  the  figm-e  ; 
the  prism  edges  are  replaced  by  narrow  faces  of  the  pinacoids,  ^{100} 
and  ^{010},  and  the  basal  plane,  C{001},  is  sometimes  present;  the 
forms  X{201}  and  Z{201}  were  only  observed  on  one  of  the  crystals 
measured.  Occasionally  the  crystals  are  tabular,  owing  to  the  larger 
development  of  a  pair  of  parallel  M  faces. 

In  general,  the  crystals  are  only  developed  at  one  end,  due,  no  doubt, 
to  their  manner  of  growth ;  but  whenever  doubly  terminated  crystals 
were  observed,  they  were  bounded  by  the  same  forms  at  the  two  ends, 
so  that  in  all  probability  they  belong  to  the  holosymmetric  class  of  the 
monoclinic  system. 
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The  crystals  are  very  brittle  and  break  with  a  conchoidal  to  uneven 
fracture  ;  they  are  also  rather  soft ;  no  traces  of  cleavage  were  observed, 
nor  were  there  any  signs  of  twinning.  Under  the  microscope,  it  is 
seen  that  many  of  the  crystals  contain  small  cavities  enclosing  a 
movable  bubble  of  liquid. 

Optical  Properties. — The  extinction  on  i/(110)  was  measured  as 
about  4°  to  7|°,  and  was  straight  on  ^(100).  The  quartz  wedge  com- 
pensates with  its  axis  perpendicular  to  the  prism  edge. 

In  convergent  light  between  crossed  nicols,  looking  through  M,  a 
biaxial  interference  figure  is  visible  when  the  crystal  is  immersed  in. 


Fir,.   3. 


oil  and  viewed  in  sodium  light,  ajjparently  exhibiting  the  obtuse 
bisectrix,  but  it  is  impossible  to  say  from  the  figure  whether  the  optic 
axial  plane  is  parallel  or  perpendicular  to  the  prism  edge  ;  but  by 
mounting  a  crystal  on  the  stage  goniometer  and  rotating  it,  while 
immersed  in  cedar  oil,  about  a  line  at  right  angles  to  the  6-axis  (that 
is,  nearly  coincident  with  the  a-axis),  the  following  optical  properties 
were  observed  : 

Birefringence,  very  strong,  positive.      2Hd  =  22°10'  for  sodium  light. 
Ob.  bis.  the  6-axis ;  ac.  bis.  inclined  at  a  small  angle  to  the  c-axis. 

The  crystals  were  too  small  for  a  direct  measurement  of  the  refractive 
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index  to  be  made  on  them,  and  no  result  could  be  obtained  with  the 
total  reflectometer ;  but  judging  by  the  relief  of  a  crystal  viewed 
under  the  microscope  when  immersed  first  in  glycerin  and  then  in 
cedar  oil,  the  refractive  index  is  probably  slightly  higher  than  that  of 
the  latter  (/a  r^  1-525,  approximately,  for  sodium  light). 

Chemical  Department,  Mineralogical  Department, 

St,  George's  Hospital.  University  Museum, 

Oxford. 


CLI. — The  Reduction  of  Metallic  Oxides  by  Aluminium 
Carbide. 
By  John  Norman  Peing,  B.Sc. 

Introduction. 

The  behaviour  of  aluminium  carbide  when  heated  in  contact  with 
metals  and  metallic  oxides  is  of  considerable  importance  to  the 
metallurgy  of  aluminium.  Although  it  is  possible  to  prepare  alloys 
of  aluminium  by  reduction  of  the  oxide  by  carbon  in  presence  of  such 
metals  as  copper  and  iron,  when  it  is  attempted  to  obtain  the  pure 
metal  by  direct  reduction,  the  product  is  almost  exclusively  aluminium 
carbide.  It  was  therefore  hoped  to  get  a  clearer  idea  of  the  metal- 
lurgical process  by  a  more  detailed  study  of  the  reactions  of 
aluminium  carbide. 

Moissan  [The  Electric  Furnace,  p.  235),  who  first  isolated  this 
interesting  compound,  studied  its  behaviour  when  heated  with 
metallic  oxides,  but  seems  only  to  have  carried  out  a  few  experiments 
in  this  direction. 

Eecent  investigations  at  the  Manchester  University  on  the  reduction 
of  alumina  by  carbon  indicated  the  importance  of  a  closer  study  of 
this  branch  of  the  subject,  and  it  is  hoped  that  the  results  here 
recorded  may  help  towards  the  solution  of  the  main  problem. 

I.  Preparation  of  Aluminium  Carbide. 

For  the  preparation  of  small  quantities  of  the  carbide  the  most 
suitable  method  was  found  to  be  that  described  by  Moissan,  which 
consists  in  heating  aluminium  contaiced  in  a  carbon  crucible  in  his 
ordinary  arc  type  of  furnace. 

The  following  obseivations,  which  are  of  importance   as  throwing 
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more  light  on  this  preparation,  and  the  power  consumption,  taken  in 
conjunction  with  a  furnace  of  the  dimensions  given  in  the  sketch 
(Fig.  1),  may  prove  of  some  general  interest, 

(1)  Two  kilowatt-hours  were  required  on  an  average  to  raise  the 
aluminium  (300 — 400  grams)  to  the  boiling  point.  The  furnace 
worked  very  steadily  with  a  current  of  250 — 300  amperes  at  35 — 45 
volts, 

(2)  To  obtain  good  yields  it  was  necessary  that  the  aluminium  used 
should  be  in  the  form  of  small  pieces  about  the  size  of  a  walnut. 


Elevation  {section  c  if). 


Plan  {section  a  h), 

llllll  I  I 

0         5        IC 

Fig.  1. 


(3)  If  the  heating  was  effected  too  rapidly,  a  poor  yield  resulted. 
The  boiling  point  of  the  metal  should  not  be  reached  for  at  least  nine 
minutes.  For  the  best  results  it  was  found  necessary  to  continue 
heating  for  about  six  minutes  after  the  boiling  of  the  metal  had 
commenced.  When  the  aluminium  started  to  boil,  as  a  result  of 
the  increased  conductivity  of  the  vapour  surrounding  the  arc,  the 
voltage  fell  considerably,  with  a  corresponding  rise  of  current. 
This  condition   was  maintained   for   some   minutes  and   served  as  an 
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indication  of  the  progress  of  the  carburisation ;  for,  when  a  large 
part  of  the  free  aluminium  was  fixed,  the  current  usually  returned  to 
nearly  its  normal  condition.  Further  heating  only  resulted  in 
decomposition  of  the  carbide. 

(4)  It  was  found  quite  unnecessary  to  add  carbon  to  the  aluminium 
before  heating.     Any  thus  added  remained  uncombined. 

(5)  During  the  formation  of  carbide,  the  ingots  of  aluminium 
retain  their  shape  even  when  the  temperature  is  considerably  above 
the  melting  point  of  the  metal,  owing  to  the  formation  of  a  very 
tenacious  skin  of  alumina  which  binds  the  metal.  This  skin  probably 
remains  intact  until  the  boiling  point  of  the  metal  or  melting  point  of 
alumina  is  reached.  In  most  cases  where  a  good  yield  was  obtained, 
the  carbide  at  the  bottom  of  the  crucible  perfectly  retained  the  shape 
of  the  original  metallic  ingots. 

(6)  In  all  successful  carbide  preparations,  during  the  cooling,  a 
large  amount  of  metallic  aluminium  was  foi-ced  out  from  the  surface. 
The  380 — 400  grams  of  aluminium  taken  at  the  beginning  gave  from 
30  to  80  grams  of  exuded  metal,  which,  when  allowed  to  cool  in  the 
furnace  in  the  presence  of  carbon  monoxide,  contained  a  few  crystals 
of  carbide.  When  cooled  away  from  furnace  gases,  however,  it  con- 
sisted of  pure  metal.  Analysis  of  samples,  cooled  while  being 
protected  as  much  as  possible  from  the  air  by  covering  the  crucible, 
showed  a  composition  of  999  per  cent,  of  aluminium,  and  on 
decomposition  with  hydrochloric  acid  gave  no  noticeable  amount  of 
methane.  It  appears  from  this  that  aluminium  carbide  is  insoluble 
in  aluminium. 

(7)  The  change  in  weight  of  the  crucible  and  contents  seems  to 
point  to  a  taking  up  of  carbon  from  an  outside  source.  In  all  the 
methods  of  preparation  employed,  it  was  found  that  the  maintenance 
of  an  atmosphere  of  hydrogen  greatly  diminished  the  yield  of  carbide, 
and  apparently  in  proportion  to  the  amount  of  hydrogen  present.  A 
large  amount  of  alumina  always  occurred  together  with  the  carbide  in 
the  product.  The  relative  amount  of  these  two  substances  approximated 
in  most  cases  to  that  demanded  by  the  equation 

SCO  +  6A1  =  A1203  +  AI4C3. 

With  the  Moissan  furnace,  carbon  dioxide  was  continually  given  off 
by  the  limestone  blocks,  and  was  of  course  transformed  into  carbon 
monoxide  in  contact  with  the  electrodes.  This  then  interacts  with 
aluminium  according  to  the  above  equation.  It  appears  that  the 
aluminium  carbide  formed  in  these  experiments  results  chiefly,  and 
probably  entirely,  from  the  action  of  carbon  monoxide  on  aluminium. 
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Extraction  of  Crude  Product. 

The  composition  of  the  products  obtained  in  these  experiments 
consisted  on  an  average  of 

AI4C3.  AI2O3.  C.  Free  aluminium. 

30'  25  2  43        =        100 

On  breaking  up  and  sieving,  a  fine  powder  was  separated  containing 
55 — 65  per  cent,  of  carbide  and  7 — 10  per  cent,  of  aluminium. 

The  method  used  by  Moissan  for  obtaining  the  carbide  from  the 
crude  product  consisted  in  treating  small  lumps  of  the  material  with 
concentrated  liydrochloric  acid,  well  cooled  in  ice.  Except  for 
extracting  small  quantities  of  material,  this  method  was  found  to  be 
unsatisfactory  owing  to  the  large  amount  of  heat  evolved  and  the 
consequent  violent  reaction  which  sets  in.  The  low  solubility  of 
aluminium  chloride  in  concentrated  hydrochloric  acid  is  also  a 
disadvantage. 

The  most  satisfactory  method  of  treating  large  quantities  of  material 
was  found  to  consist  in  the  vise  of  strong  caustic  soda  solution.  This 
acts  very  rapidly  on  the  aluminium,  and  the  temperature  can  easily  be 
kept  below  13°  by  submerging  in  the  reaction  vessel  a  lead  spiral, 
through  which  a  stream  of  cold  water  is  passed.  The  carbide  crystals 
sink  to  the  bottom,  are  washed  by  decantation,  filtered,  washed  with 
alcohol  and  ether,  and  then  dried.  During  the  extraction,  the  free 
carbon  present  came  to  the  surface,  and  could  thus  be  readily  removed. 
The  carbide  left  from  this  process  still  contained  about  2  per  cent,  of 
free  aluminium.  Further  extraction  of  aluminium  could  only  be 
carried  out  at  great  sacrifice  of  carbide.  Hence,  the  above  amount 
was  usually  left  in,  and  allowance  made  for  it  in  the  subsequent 
experiments.  It  was  not  possible  to  obtain  the  carbide  free  from 
alumina,  as  the  latter  occurred  in  a  very  stable  and  insoluble  form. 

II.  Reactions  with  Oxides  uj)  to  about  1200^  without  a  Flux. 

Aluminium  carbide  interacts  very  slowly  with  the  oxides  of  copper 
and  lead  at  a  dull  red  heat,  giving  off  carbon  dioxide  and  forming 
alumina.  If  the  temperature  is  raised  a  little  higher,  a  sudden  reaction 
occurs,  the  whole  mass  being  raised  to  incandescence.  The  reaction  is, 
however,  never  so  rapid  as  is  that  of  aluminium  on  oxides. 

The  gas  evolved  was  found  to  consist  of  carbon  dioxide  together 
with  from  2  to  4  per  cent,  of  carbon  monoxide.  In  these  reactions,  in 
which  a  high  temperature  was  reached,  the  product  formed  a  net-like 
structure,  which,  except  in  the  case  of  lead,  could  not  be  made  to  run 
together  to  an  ingot  owing  to  contamination  with  slag. 
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Quantitative  Examination. — Reactions  between  aluminium  carbide 
in  excess  and  the  oxides  of  copper  and  lead  were  brought  about  in  a 
porcelain  tvibe,  and  the  evolved  gases  measured  and  analysed.  From 
this  and  the  decrease  in  weight  of  the  reacting  substances,  it  was  esti- 
mated that  the  amounts  of  oxygen  which  went  to  the  aluminium  and 
to  the  carbon  were  such  as  to  satisfy  the  equation 

Al.Cg  +  12M0  =  2AI2O3  +  SCOg  +  12M. 

Analysis  of  the  product  showed  that  the  excess  of  carbide  used 
remained  un decomposed. 

III.  Reactions  with  Oxides  up  to  about  1200°  in  p'esence  of  a  Flux. 

Great  difficulty  was  found  in  the  selection  of  a  flux  which  would 
withstand  the  action  of  aluminium  at  temperatures  produced  by  the 
reaction  between  aluminium  carbide  and  oxides,  and  yet  be  sufficiently 
mobile  in  the  wind-furnace  to  allow  the  metallic  product  to  run  together. 

Cryolite,  which  becomes  very  mobile  and  as  transparent  as  water  at 
a  bright  red  heat,  was  found  to  be  the  most  suitable  flux  for  this  purpose. 
At  a  certain  temperature,  however,  cryolite  appears  to  be  attacked  by 
aluminium,  as  is  shown  by  flashes  of  light  issuing  from  the  surface, 
which  have  an  appearance  of  burning  sodium.  Carbon  crucibles 
were  employed  to  contain  the  fused  cryolite.  These  were  placed 
inside  clay  crucibles  with  the  intervening  space  packed  with  carbon 
and  were  heated  in  a  wind-furnace. 

In  these  experiments,  the  flux  was  heated  until  in  a  mobile  con- 
dition, and  then  the  mixture  of  aluminium  carbide  and  metallic  oxide 
was  added  in  small  quantities.  Reaction  usually  took  place  with 
incandescence,  and  sometimes  a  boiling  up  of  the  flux  occurred.  The 
reduced  metal  sank  to  the  bottom  of  the  crucible. 

The  experiments  performed  showed  that  the  reaction  between 
aluminium  carbide  and  the  oxides  of  copper,  lead,  and  bismuth,  when 
in  the  proportion  of  6M0  + Al^Cg,  gives  rise  to  a  metallic  product  if 
interaction  takes  place  in  the  mass  of  a  flux,  The  best  metallic  yield 
resulted  by  using  the  proportion  12CuO  4- AI4C3.  An  excess  of  carbide 
diminished  the  yield.  With  3CuO -t- Al^Cg,  the  metal  could  not  be 
made  to  run  together  at  all.  The  products  in  the  case  of  the  oxides  of 
lead,  copper,  and  bismuth  consisted  of  metal  containing  from  0"4  to 
0*8  per  cent,  of  aluminium,  an  amount  which  in  each  case  was  con- 
siderably less  than  that  corresponding  to  the  free  aluminium  in  the 
carbide  used. 

Iron  oxide  and  aluminium  carbide  could  not  be  made  to  yield  a 
metallic  product  by  the  foregoing  methods, 

»  Aluminium  carbide  and  alumina  were  not  found  to  react  in  cryolite 
flux  to  give  aluminium,  as  has  been  stated  by  Blackmore  {Electrical 
Review,  1904,  55,  994),  but  at  the  melting  point  of  copper,  aluminium 
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carbide  is  slowly  decomposed  by  cryolite.  In  these  expei^iments,  it  is 
possible  that,  at  the  high  local  temperature  produced  by  the  reaction, 
any  aluminium  liberated  from  the  carbide  might  have  entered  into 
combination  with  the  flux. 


IV.  Reactions  at  Iligher  Temperatures. 
(a)  In  Contact  with  a  Bath  of  Molten  Metal. — The  bath  of  molten 
metal  was  in  these  experiments  used  as  a  solvent  to  extract  the  metal 
liberated  in  the  reactions  and  facilitate  its  quantitative  estimation. 
The  heating  was  effected  electrically  by  means  of  a  granular  carbon 
resistance  furnace.  For  this  purpose,  the  arrangement  shown  in 
Fig.  2  was  used.  The  current  was  led  into  the  furnace  by 
the   graphite    bars    EE    of    5'0  x  2*4    cm.    cross    section.     Powdered 

Elevation  (section  xy). 


\^\H\\K\^\^ 


^R^^f^^"^M\" 


^Mr 


Plan,  [section  m  n). 
Fio.  2. 

Acheson  graphite  was  tightly  packed  around  these  for  a  distance  of 
12  centimetres.  A  good  electrical  connection  was  thus  secured  between 
the  electrodes  and  a  resistance  core  which  was  packed  between  them. 
This  core  consisted  of  powdered  retort  carbon,  the  particles  of  which 
were  obtained  of  uniform  size  by  sieving  and  selecting  the  material 
which  was  arrested  between  the  sieves  having  respectively  10  and 
20  meshes  to  the  inch.  A  carbon  crucible  of  4  cm.  in  outside 
diameter  and  3  cm,  in  height  was  embedded  in  this  resistance 
core.  A  carbon  cylinder  of  the  same  diameter  and  12  cm.  in  height 
was  attached  to  the  crucible.  By  clamping  the  cylinder,  mere  contact 
made  a  good  joint,  and  the  cylinder  did  not  appreciably  conduct  away 
the  heat  from  the  crucible.  The  carbon  cylinder  was  bored  half  way 
up  and  a  brass  side-tube  fitted  in.  By  this  means,  air  could  be  expelled 
from  the  crucible  and  operations  conducted  in  an  atmosphereof  hydrogen. 
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A  graphite  piston,  joined  on  to  a  rod  of  the  same  material,  was  made 
so  as  to  fit  loosely  in  the  cylinder.  When  using  a  metal  bath  in  the 
crucible,  this  arrangement  enabled  the  slag  to  be  pressed  beneath  the 
surface  of  the  metal  and  extraction  facilitated.  With  a  copper  bath,  a 
very  satisfactory  method  of  washing  out  metal  from  the  surface  slag 
consisted  in  allowing  a  shower  of  finely  divided  copper  (reduced  from 
the  oxide)  to  fall  on  to  the  surface. 

The  furnace  described  above  was  heated  with  direct  current.  At 
first  it  took  10  amperes  at  80  volts.  The  current  gradually  rose, 
180  amperes  at  44  volts  being  finally  reached.  In  subsequent  experi- 
ments, the  furnace  showed  initially  a  higher  conductivity. 

In  the  experiments  with  copper  carried  out  in  this  furnace,  from 
40  to  50  grams  of  metal  were  first  melted  in  the  crucible  to  form  a 
bath.  This  required  eight  to  ten  minutes  and  the  consumption  of  about 
0-5  kilowatt  hour.  The  air  was  displaced  by  a  current  of  dry  hydi'o- 
gen,  except  when  i;sing  very  high  temperatures,  when  the  oxygen  was 
fixed  by  the  carbon.  The  reagents  were  then  dropped  on  to  the  metal, 
and  by  the  means  described  above  to  secure  intimate  contact  and 
extraction  by  the  bath  a  slag  was  left  containing  practically  no  metal. 


Reactions  in  a 

Bath  of  Molten  Copper. 

Percentage  of  the 

Estimated  tem- 

aluminium of 

Mixture  added. 

perature  of 

the  carbide 

Remarks. 

Lath  of  copper. 

taken  up  by  the 
copper. 

1.  6CUO  +  AI4C3... 

Melting  point  of 

4-5 

The    slag    contained    38 

copper. 

per  cent,  of  the  original 
aluminium  carbide. 

2.       ,, 

Bright  red  heat. 

8-4 

— 

3.       „         „        ... 

White  heat. 

10-9 

— 

4.       „         ,,       ... 

Very  bright 

51-0 

Total  carbon  in  alloy,  O'l 

white. 

per  cent. 

5.      ,,         ,, 

Above      melting 
point  of  alum- 
ina. 

76-8 

" 

6.  AljCaalone     ... 

White  heat,  be- 

17-0 

Substances  heated  during 

low        melting 

six  minutes. 

point   of    plat- 

inum. 

7.       ,,         ,, 

Above      melting 

83-5 

Violent  reaction,  causing 
copper  to  vaporise.  Heated 

point   of    plat- 

inum ;      below 

during  five  minutes. 

melting     point 

of  alumina. 

8.  6CUO  +  AI4C3... 

Intermediate 

50-0 

Experiment  conducted  in 

temperature  ; 

an  electrically  heated  car- 

melting    point 

bon  tube  *  furnace. 

of  silica. 

Hutton  and  Patterson,  Trails.  Faraday  Society,  1905,  1,  187. 
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Reactions  in  a  Bath  of  Molten  Iron. 


Mixture  added. 


1.  FejOs  +  AljCs... 


I.  Al4C3  +  Fe 
(very  fine) 

J.  AI4C3  


4.  A1,C3 


Estimated  tem- 
perature. 


Melting  point  of 
alumina. 


Just  above  melt- 
ing point  of 
platinum. 

Melting  point  of 
alumina. 

Well  above  melt- 
ing point  of 
alumina. 


Percentage  of 
aluminium 

of  the  carbide 

taken  up  by 

the  bath. 


64-0 


•21-5 


Remarks. 


Alloy  contained  3*5  per 
cent,  of  free  and  0'3  per 
cent,  of  combined  carbon. 
Visible  reaction  occurred, 
causing  ejection  of  sparks 
of  carbon.  During  the 
cooling,  a  large  separation 
of  flocculent  graphite  oc- 
curred. The  metal  bath 
separated  into  two  alloys 
containing  6 '2  and  17 '5 
per  cent,  of  aluminium  re- 
spectively, both  of  which 
were  hard  and  brittle.  By 
decomposition  with  acid 
and  analysis  of  the  gas,  it 
was  found  that  less  than 
1'2  per  cent,  of  the  alum- 
inium in  these  alloys  oc- 
curred in  combination  with 
carbon. 

Heated  for  six  hours  in  a 
carbon  tube  furnace. 

Alloy  contained  less  than 
0-23  per  cent,  of  AI4C3. 
Heated  for  fifteen  minutes. 

The  hot  molten  bath  wa.s 
cooled  by  immersion  in 
i  cold  water. 


(b)  Metallic   Oxides  and   Aluminium  Carbide  interacting   alone   in   an 
Empty  Carbon  Crucible  at  High  Temperatures. 

When  a  mixture  of  aluminium  carbide  and  the  oxides  of  copper  or 
•iron  is  dropped  into  a  highly  heated  crucible,  a  violent  reaction  occurs 
and  the  metallic  product  runs  together  in  the  form  of  a  button  or 
globules. 


1588 


PRING  :   THE   REDUCTION   OF 


Estimated  tem- 

Percentage of 

Mixture  added. 

perature  of 

aluminium  in 

Remarks. 

crucible. 

alloy. 

1.  6CUO  +  AI4C3... 

Little  below 

18-5 

White,  brittle  alloy  con- 

meltiug   point 

tained    1  '1    per    cent,     of 

of  alumina. 

AI4C3. 

2.       „         „        ... 

Melting  point  of 

14-2 

\'  iolent  reaction.    Alum- 

alumina. 

inium  lost  through  volatil- 
isation. 

3.      „         „       ... 

Temperature  low- 
er than  above, 
adjusted   so   as 
to  prevent  ex- 
cessive   los.s   of 
metal  by  vola- 
tilisation. 

19-1 

1-3  per  cent,  of  graphite. 

4.       ,,          „ 

Melting  point  of 

5-7 

Experiment  conducted  in 

silica. 

tube  furnace. 

5.  3CUO+AI4C3... 

Temperature     as 

3. 
Melting  point  of 

27 '9 

1  -2  per  cent,  of  graphite. 

6.  2Fe203  +  Al,C3. 

34-9 

4-5 

alumina. 

7.  Fe203  +  Al4C3... 

Melting  point  of 
alumina    (as 
above). 

46'7 

2-8         „ 

V.  Calcium  Carbide  and  Lead  Oxide  at  a  High  Temperature. 

The  object  of  this  experiment  was  to  ascertain  if  temperature  had 
any  influence  on  the  product  obtained  in  the  reduction  of  oxides  by 
calcium  carbide.  The  large  amount  of  work  which  has  been  done  in 
this  field  shows  that  at  lower  temperatures  metals  are  produced  which 
contain  traces  of  calcium. 

In  some  cases,  the  formation  of  alloys  containing  up  to  1  per  cent, 
calcium  has  been  observed  (Moissan,  Compt.  rend.,  1897,  125,  839  ; 
Kugelgen,  Zeit.  Mektrochem.,  1901,  7,  541,  557,  573). 


Lead   Oxide  dropped  into  Molten  Calcium  Carbide. 

The  lead  oxide  was  added  in  very  small  quantities  owing  to  the 
violent  reaction  which  occurred.  Some  metal  volatilised.  "When  cold, 
a  metal  was  left  in  the  crucible  which  had  an  appearance  of  lead. 
This  was  soft,  very  bright,  and  had  no  ajapreciable  action  on  the 
water. 

Analysis. 


Lead. 

96-60 


Calcium. 
2-58 


llisidue  (by  dilf. ). 

0*82  "       =  100 
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VI.  Action  of  Metallic  Calcium  on  Aluminium  Carhide. 

It  was  thought  that  a  study  of  the  action  of  calcium  on  the  carbide 
would  form  an  interesting  addition  to  the  above  work.  Experiments 
were  carried  out  both  in  the  wind  furnace  and  at  higher  temperatures 
by  electric  heating,  as  great  care  as  possible  being  taken  to  exclude  the 
furnace  gases,  although  this  was  probably  not  complete  at  the  highest 
temperatures. 

Reaction  was  found  to  occur  at  all  temperatures  above  the  melting 
point  of  calcium.  The  aluminium  carbide  was  transformed  to  the 
extent  of  83  per  cent,  at  the  lower  temperatures,  but  apparently  less 
completely  as  the  temperature  of  reaction  rose. 

The  reverse  reaction,  that  of  aluminium  on  calcium  carbide,  was 
also  investigated  and  found  to  take  place,  the  amount  of  reaction 
seemingly  increasing  with  the  temperature  and  varying  between  7  and 
25  per  cent.  Thus  it  is  probable  that  an  equilibrium  exists  as  indicated 
by  the  equation 

2A1^C3  +  3Ca  — SCaCo  +  8A1. 

Summary  and  General  Conclusions. 

The  work  here  recorded  seems  satisfactorily  to  explain  the  reactions 
which  occur  between  aluminium  carbide  and  metallic  oxides  and 
metals. 

dp  to  about  1400°,  the  carbide  behaves  as  a  strong  reducing  agent, 
but  both  aluminium  and  carbon  are  simultaneously  oxidised  even  when 
the  carbide  is  in  excess.  Thus,  under  these  conditions,  no  separation 
of  aluminium  or  of  carbon  can  be  detected.  For  instance,  aluminium 
carbide  intei-acting  with  copper  oxide  produces  metallic  copper  and 
carbon  dioxide,  together  with  small  quantities  of  carbon  monoxide. 
A  similar  behaviour  is  noticed  when  the  reactions  are  brought  about  in 
the  mass  of  a  flux  so  as  to  facilitate  the  agglomeration  of  the  reduced 
metal.  At  higher  temperatures,  however,  selective  reduction  begins  to 
be  apparent,  the  reduction  being  more  and  more  brought  about  by 
the  carbon  of  the  carbide,  with  a  result  that  alloys  of  aluminium  and 
the  reduced  metal  are  obtained,  the  percentage  of  aluminium 
increasing  the  higher  the  temperature  of  reaction. 

In  the  case  of  copper,  the  percentage  of  aluminium  in  the  alloy  seems 
to  be  limited  by  the  volatilisation  of  aluminium.  Copper  alloys  were 
obtained  containing  up  to  28  per  cent,  of  aluminium,  whereas  the 
equation 

3CuO  +  Al^Cg  =  4Al,3Cu  +  3C0 
demands  an  alloy  containing  36  per  cent,  of  aluminium. 
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In  the  case  of  iron,  an  alloy  was  obtained  containing  46*7  per  cent, 
of  aluminium,  or  subtracting  the  amount  of  free  carbon,  49 "6  per  cent. 
of  aluminium.     This  corresponds  to  the  equation 

FeoOs  +  AI4C3  =  2Fe,4Al  +  SCO, 

which  demands  an  alloy  containing  49'2  per  cent,  of  aluminium.  Any 
excess  of  oxide  used  in  the  reaction  resulted  in  oxidation  of  the 
aluminium  of  the  alloy.  When  the  reaction  between  aluminium 
carbide  and  iron  oxide  was  brought  about  in  presence  of  a  bath 
of  molten  iron  at  a  high  temperature,  alloys  were  also  obtained  in 
which  more  than  90  per  cent,  of  the  aluminium  of  the  carbide  used  had 
been  set  free  and  taken  up  by  the  iron. 

Calcium  carbide  exhibits,  in  a  smaller  degree,  a  behaviour  similar  to 
that  of  aluminium  carbide  in  the  relative  affinities  of  the  calcium  and 
the  carbon  for  oxygen  at  high  temperatures. 

Reactions  between  lead  oxide  and  excess  of  molten  calcium  carbide 
gave  an  alloy  containing  2*6  per  cent,  of  calcium. 

These  results  are  explained  by  the  fact  that  at  high  temperatures 
alumina  can  be  reduced  by  carbon,  and  the  following  equation,  which 
at  comparatively  low  temperatures  is  known  to  go  in  the  dii-ection  from 
left  to  right,  would,  at  high  temperatures,  apparently  be  reversed  and 
occur  in  the  opposite  direction  : 

6A1  +  SCO^Al^Cg  +  AI2O3. 

Owing  to  the  evolution  of  heat  in  these  reactions  between  oxides  and 
aluminium  carbide,  it  was  not  possible  to  fix  or  estimate  the  tempera- 
ture at  which  reaction  actually  took  place. 

Aluminium  carbide  reacts  with  copper  at  a  temperature  below  the 
melting  point  of  platinum,  and  with  iron  just  above  this  temperature, 
to  form  an  aluminium  alloy  with  liberation  of  free  carbon.  At  higher 
temperatures,  the  reaction  takes  place  with  violence  and  is  complete. 

Electro-Chemical  Laboratory, 
Manchester  University. 


CLII. — Syntheses  by  means  of  the  Silent  Electric 

Discharge. 

By  John  Norman  Collie,   F.R.S. 

To  produce  synthetically  in  the  laboratory  chemical  compounds 
which  are  found  in  nature  has  always  been  one  of  the  chief  aims  of 
the   chemist,   and   more    especially    so    when    the    compounds    so    to 
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be  prepaied  belocg  to  the  domain  of  organic  chemistry.  But  in 
the  preface  to  his  work  on  the  chemical  synthesis  of  vital  products, 
Prof.  Meldola  has  laid  great  stress  on  the  fact  that  chemists  must  not 
forget  that  the  synthetical  methods  employed  in  the  laboratory  are 
almost  entirely  different  and  ai^e  not  equivalent  to  vital  methods. 
In  other  words,  pyrogenic  syntheses  ai'e  quite  distinct  from  bio- 
chemi'  al  ones.  Moreover,  he  also  points  out  how  great  a  mis^fortune 
ic  would  be  should  chemists  ever  adopt  the  idea  that  it  is  "un- 
impoitant  whether  an  organic  compound  is  producible  by  vital 
chemistry  or  not,"  for  then  "  we  are  running  the  risk  of  blockading 
whole  regions  of  undiscovered  modes  of  chemical  action  by  falling  into 
the  belief  that  known  laboratory  methods  are  the  equivalent  of  un- 
known vital  methods."  He  then  points  out  that  "the  fundamental 
synthesis  j^ar  excellence — the  photosynthesis  which  plants  are  enabled 
to  accomplish,  is  as  yet  without  a  laboratory  parallel." 

It  is  now  many  years  since  the  author  also  called  attention  to  some 
of  these  ideas  (Trans.,  1893,  63,  329),  and  since  then  he  has  been 
engaged  on  various  researches  where  the  chief  object  has  always  been 
as  far  as  possible  to  imitate  in  the  laboratory  the  simple  reactions 
which  are  constantly  occurring  in  living  organisms  :  that  is  to  say,  such 
simple  reactions  as  hydration,  dehydration,  oxidation,  reduction,  and 
polymerisation  ;  moreover,  he  has  endeavoured  as  far  as  possible  to 
make  these  reactions  take  place  at  the  ordinary  temperature. 

During  these  investigations,  many  compounds  have  been  synthetically 
produced  from  acetic  acid  through  the  medium  of  ethyl  acetoacetate, 
dehydracetic  acid,  and  dimethylpyrone.  Amongst  others  may  be 
mentioned  orcinol  and  several  orcinol  derivatives,  coloured  naphthal- 
ene compounds,  pyridine  and  tsoquinoline  compounds,  also  substances 
similar  to  fisetin  and  other  non-nitrogenous  vegetable  colouring 
matters.  Moreover,  many  of  the  reactions  involved  take  place  at 
the  ordinary  temperature  and  are  of  the  simplest  kinJ,  requiring 
merely  the  elimination  of  water. 

Obviously  in  a  plant  all  the  compounds  of  complicated  molecular 
structure  are  bvult  up  from  carbon  dioxide,  water,  and  ammonia  or 
nitrates,  and  at  present  we  are  quite  ignorant  of  how  this  takes 
place  ;  still,  however,  one  thing  is  certain,  namely,  that  during  their 
formation  energy  derived  from  sunlight  is  stored  up  as  well. 

The  chemist,  by  simply  supplying  energy  in  the  form  of  heat  to  a 
mixture  of  carbon  dioxide  and  water,  cannot  imitate  the  synthetical 
processes  of  the  plant.  But  by  means  of  the  silent  electric  discharge, 
a  mixture  of  either  carbon  dioxide  or  carbon  monoxide  and  hydrogen 
gives  formaldehyde  and  methane  (Brodie,  Proc,  Roy.  Soc,  1872,  21, 
245).  And  Fischer  has  shown  how  sugars  may  be  synthesised  from 
formaldehyde. 
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Since  Brodie,  in  1872,  combined  hydrogen  and  carbon  monoxide 
under  the  iofluence  of  the  silent  electric  discharge,  other  chemists 
have  wox'ked  in  the  same  field:  Thenard  {Compt.  rend.,  1873,  76, 
1508)  states  that  whilst  water  vapour  is  slowly  decomposed  by  the 
silent  electric  dischai'ge,  the  slow  combination  of  nitrogen  and 
hydrogen  is  induced  by  it,  also  that  "  ethylene  condenses  to  a 
powerfully  odorous  liquid  soluble  in  ether,  insoluble  in  water." 
Later,  Berfcbelot  [Anyi.  Ghhn.  Phys.,  1873,  [iv],  30,  431  ;  Journ.  Chem. 
Soc,  1874,  974)  noticed  that  many  organic  substances  when  submitted 
to  the  electric  discharge  gave  acetylene.  Again,  later  {Bull.  Soc. 
chim.,  [ii],  26,  101—104  ;  [ii],  26,  98—100  ;  Journ.  Chem.  Soc,  1876, 
ii,  597  and  616),  he  proved  that  methane,  ethane,  and  ethylene  yield 
a  little  acetylene,  free  hydrogen,  and  resinous  condensation  products 
when  submitted  to  the  action  of  the  silent  electric  discharge.  He 
also  says,  "  Ethane  yields  some  ethylene,  and  the  latter  forms  also 
the  liquid  CjoH^^.^,  discovei-ed  by  Thenard." 

In  1897,  Losanitsch  and  Jovitchitsch  {Ber.,  1897,  30,  135)  confirmed 
the  observations  that  carbon  monoxide  and  hydrogen  give  formalde- 
hyde, also  that  carbon  monoxide  and  methane  give  acetaldehyde. 
They  state  also  that  "  unsaturated  hydrocarbons  polymerise :  for 
instance  ethylene  gives  a  yellowish  liquid  which  boils  above  200°." 
In  the  same  year,  Hemptinne  {Bull.  Acad.  roy.  Bely.,  1897,  34,  269) 
confirmed  some  of  the  foregoing  results,  obtaining  "an  aldehyde-like 
compound "  from  carbon  monoxide  and  methane,  and  a  ketone 
and  a  considerable  amount  of  aldehyde  from  carbon  monoxide  and 
ethane. 

That  carbon  dioxide  is  extremely  unstable  when  subjected  under 
low  pressures  to  the  electric  discharge  was  pointed  out  by  the  author 
some  time  since  (Trans.,  1901,  79,  1063),  upwards  of  65  per  cent, 
being  converted  into  carbon  monoxide  and  oxygen  in  the  space  of  ten 
seconds. 

From  all  the^e  observations  it  seems,  therefore,  that  the  action  of 
the  silent  electric  discharge  on  various  elements  and  compounds  in 
many  cases  runs  parallel  with  that  of  the  action  of  light  in  plants  ; 
water  and  carbon  dioxide  are  decomposed,  nitrogen  and  hydrogen 
combine  to  form  ammonia,  carbon  and  hydrogen  combine  to  form 
formaldehyde,  and  polymerisation  is  induced.  This  polymerising 
action  also  appears  to  be  peculiarly  associated  with  the  silent  electric 
discharge,  hence  by  its  aid  many  complicated  molecules  can  be  built 
up,  molecules  which  under  the  influence  of  heat  vibrations  are  often 
quite  unstable  and  decomposed. 

Although  it  is  not  an  instance  of  synthesis  by  means  of  the  silent 
discharge,  yet  attention  might  have  been  drawn  to  the  work  of 
Ciamician  and  Silber  {Ber.,  1901,  34,  1530)-ou  the  action  of  light  on 
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solutions  of  coloured  substances  such  as  p-benzoquinone  in  alcohol, 
where  both  oxidation  and  reduction  occur  together  : 

CgH.O,  +  CoH.O  =  C6H,(OH)2  +  C^H.O, 

and  a  parallel  drawn  between  ^this  reaction  and  the  action  of  light  on 
the  nascent  carbon  monoxide  (which  may  be  produced  in  the  plant) 
and  water  in  presence  of  chlorophyll : 

:co  +  HOH  =  H,co  +  :o. 

Ciamician  has  also  made  carbon  unite  with  carbon  by  exposing  aceto- 
phenone  in  the  same  manner  to  sunlight, 

2C0MePh  giving  (CMePh-0H)2. 

Yet  another  noteworthy  instance  of  photosynthesis  is  that  of 
truxillic  acid  from  cinnamic  acid  (Riiber,  Ber.,  1902,  35,  2908), 

Knowing,  therefore,  tbat  carbon  monoxide  could  be  so  easily  produced 
from  carbon  dioxide,  and  also  that  under  the  influence  of  light  energy 
hydrogen  is  lost  from  the  CHg  group  in  such  a  compound  as  alcohol, 
and  that  a  substance  like  ^j-benzoquinone,  containing  the  carbonyl 
group,  combines  readily  with  the  hydrogen  thus  set  free,  it  seemed 
worth  while  to  experiment  with  carbon  monoxide  itself  and  the  com 
pound  which  most  nearly  approached  to  CHg,  namely,  ethylene,  and 
thus  obtain  in  sufficient  quantity  for  chemical  investigation  some  of 
the  substances  which  had  been  mentioned  by  Berthelot  and  Thcuard, 
also  by  Losanitsch  and  Jovitchitsch  (loc.  cit.).  A  mixture  of  these  two 
gases  was  submitted  to  the  silent  electric  discharge  in  the  hope  that 
the  ethylene  might  dissociate  first  into  free  methylene,  which  in  its 
turn  might  unite  with  or  reduce  the  carbon  monoxide. 

The  apparatus  used  was  that  shown  in  the  diagram. 

A.  The  apparatus  in  which  the  gas  is  submitted  to  the  silent  electric 
discharge  (length  22  inches,  width  2  inches) ;  B,  reservoir  for  the 
gas;  G,  a  gas  cylinder,  i>,  leading  to  a  gas  circulator;  E,  leading 
from  the  gas  circulator ;  F,  receptacle  for  the  product  of  the  condensa- 
tion ;  G,  mercury  reservoir  ;  H,  to  mercury  pump. 

The  whole  apparatus  was  first  exhausted  and  the  gas  then  introduced  ; 
the  vessel  A  was  then  immersed  in  a  freezing  mixture  of  ice  and 
hydrochloric  acid  ( —  20°),  and  the  inner  tube  of  A  was  also  filled  with 
the  freezing  mixture.  The  two  terminals  of  a  large  Newton  Apps 
coil  were  then  connected  with  the  two  freezing  mixtures,  so  that  a  silent 
electric  discharge  might  take  place  through  the  gas  in  A. 

The  first  experiment  was  made  with  a  mixture  of  80  per  cent,  of 
ethylene  gas  and  20  per  cent,  of  carbon  monoxide.  Contraction  of  the 
gas  began  at  once,  and  soon  drops  of  liquid  began  to  collect ;  these 
ultimately  ran  down  in  F.     It  was  found  that  the  condensation  took 
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place  more  rapidly  when  the  mercury  in  G  was  raised,  so  that  the 
pressure  of  an  extra  atmosphere  was  produced  in  the  apparatus.  At 
first  the  gas  condensed  to  a  liquid  at  the  rate  of  about  200  c.c.  per 
hour ;  but  it  was  found  that  unless  a  circulation  of  the  gases  was  made 
the  rate  of  condensation  soon  became  much  slower.  This  seemed  to 
point  to  the  production  of  some  inactive  gas  ;  in  a  subsequent  experi- 
ment, this  gas  was  found  to  be  hydrogen.  Finally  about  2-5  gi\ams  of 
liquid  collected  at  the  bottom  of  the  apparatus.  The  liquid  was 
collected  by  cutting  off  the  capillary  end  of  F. 

On   fractionating  this  liquid,  it  gave  the  following  fractions  :   (1)  a 
small  quantity  boiling  at   50—80°.     (2)  80—160°      The  thermometer 


rose  quite  gradually  in  distilling  this  fraction.  (3)  160  — 180°. 
About  a  quarter  of  the  whole  distilled  within  these  limits.  (4)  Above 
180°,  the  thermometer  began  to  rise  rapidly,  so  the  distillation  was 
stopped.  The  residue  gave  a  brown,  sticky  substance  resembling 
burnt  india-rubber,  which,  when  heated,  also  smelt  like  this  sub- 
stance. 

1st  Fraction  : — It  weighed  less  than  half  a  gram,  smelt  strongly  of 
acetaldehyde,  and  also  had  the  smell  of  acrolein  ;  on  oxidation  with 
silver  oxide  and  water  a  hydrocarbon  remained. 

2nd  Fraction  : — It  smelt  but  little  of  acetaldehyde  and  consisted 
almost  entirely  of  a  mixture  of  hydrocarbons. 
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3rd  Fraction  : — It  smelt  only  of  hydrocarbons. 

4th  Fraction  : — "When  cold  it  set  to  a  hard  resin,  but  became  fluid 
again  when  heated  ;  it  could  not  be  distilled  without  some  decom- 
position. 

A  combustion  of  the  substance  collected  in  the  third  fraction  gave 
C  =  83-7;  H  =  14-l  ;  0  =  2-2  (by  dif.) ;  the  atomic  ratio  of  the  carbon 
and  hydrogen  is  almost  exactly  1  : 2.  The  oxygen  is  due  in  all 
probability  to  a  small  trace  of  an  aldehyde. 

The  resin  on  combustion  gave  C  =  87*4;  H=12*6;  these  numbers 
agree  fairly  well  with  (CjqHj-),  :  0  =  87-6  ;  H  =  12-4  per  cent. 

From  this  result,  it  was  obvious  that  condensation  to  compounds  of 
very  high  molecular  weight  could  be  induced  by  the  silent  electric 
discharge,  even  when  the  gases  experimented  with  were  surrounded  by 
a  freezing  mixture.  But  it  was  also  evident  that  it  was  the  ethylene 
that  was  condensing  most  easily ;  it  is  true,  however,  that  aldehydes 
had  been  formed,  but  oaly  in  small  amount.  In  order  to  simplify  the 
inquiry,  the  next  experiment  was  performed  with  ethylene  alone, 
made  from  alcohol  and  phosphoric  acid,  and  afterwards  purified  by 
condensation  with  liquid  air  and  subsequent  fractionation  of  the 
liquid  gas. 

Two  hundred  and  ten  c.c.  of  gas  were  submitted  to  the  electric 
discharge  for  several  hours,  the  vessel  being  kept  cool  by  means  of  a 
freezing  mixture.  The  freezing  mixture  was  then  removed  and 
replaced  by  liquid  air  ;  the  apparatus  was  then  connected  with  the 
mercury  pump,  when  40  c.c.  of  gas  were  pumped  off.  The  liquid  air 
was  thus  removed,  but  even  when  the  apparatus  had  attained  the 
temperature  of  the  atmosphere  only  a  few  more  c.c.  of  gas  could  be 
pumped  off  from  the  condensation  product.  On  analysis  of  part  of  the 
40  c.c.  of  gas  the  following  results  were  obtained  : 

Gas  taken     7'9  c.c.  Contraction 11-7  c.c. 

Gas  +  oxygen   26-4     „  Oxygen  used     3-8    ,, 

After  explosion    ...    14-7     ,, 

The  residual  gas  only  gave  a  faint  milkiness  with  baryta  water. 

As  7-9  c.c.  of  gas  required  38  c.c.  of  oxygen  and  the  con- 
traction was  11-7  CO.,  the  gas  was  evidently  hydrogen.  The  formation 
of  hydrogen  entirely  confirms  the  results  obtained  in  the  combustion 
of  the  substance  i^esembling  india-rubber  which  remained  as  the 
fourth  fraction. 

After  this  experiment,  several  more  were  made  in  order  to  find  out 
the  conditions  under  which  the  condensation  occurred  most  readily. 
Different  kinds  of  tubes  were  used  where  the  distance  between  the 
inner  and  outer  tube  was  varied.  It  was  found,  however,  that  the 
original  apparatus  was  the  most  efficient  one,  where  the  thickness  of 
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gas  through  which  the  silent  electric  discharge  passed  was  only  about 
one  to  two  millimetres. 

A  large  amount  of  pure  ethylene  was  next  experimented  with,  the 
apparatus  being  worked  intermittently  for  about  a  fortnight.  In  this 
way  10  grams  of  condensed  product  were  obtained  ;  this  was  fraction- 
ated, the  following  fractions  being  collected  :  below  100°,  0*75  gram  ; 
100—150°,  2  grams  (mostly  above  130°)  ;  150—200°,  1-5  grams  (more 
than  half  below  175°) ;  200 — 250°,  1*75  grams  ;  residue  in  flask,  4  grams. 
Combustions  were  made  of  these  various  fractions  : 

Distilled 
-100°.       100—150".     150—200°.     200—250°.       Resin.  resin. 

C    83-4  85-3  85-8  86-0  877  877 

H  16-0  15-3  14-3  14-0  12-4  12-3 

In  the  case  of  the  first  fraction  (  -  100°),  only  a  small  amount  was 
analysed  (0'059),  which  was  too  little  to  give  accurate  results,  the 
reason  being  that  further  experiments  had  to  be  made  with  the 
remainder. 

In  the  case  of  the  distilled  resin,  the  distillation  was  made  in  order 
to  see  whether  any  change  took  place  when  the  substance  was  heated. 
The  boiling  point  was  very  high,  being  above  360°. 

It  is  obvious  from  the  results  that  a  fall  in  the  percentage  of 
hydrogen  occurs  as  the  boiling  point  of  the  substances  rises.  Although 
all  these  fractions  are  obviously  mixtures  of  substances,  still  it  is 
interesting  to  note  that  the  maximum  amount  of  distillate  was 
collected  between  133°  and  170°,  whilst  another  increase  occurred  above 
200°.  Above  250°,  hardly  anything  distilled  until  the  residual  i-esin 
began  to  distil.  This  resin  represented  two-fifths  of  the  whole  of  the 
substances  produced  by  the  action  of  the  silent  electric  discharge  on 
ethylene. 

From  the  boiling  points  of  the  various  fractions,  it  is  probable  that 
the  first  fraction  contained  C^H^o  (b.  p.  67°)  and  C^H^^  (b.  p.  98°),  the 
second  fraction  CsHjg  (b.  p.  125°)  and  CgH^g  (b.  p.  140°),  the  third 
and  fourth  fractions  0^0^20  (b-  P-  172°),  &c.,  up  to  C^,B..^q  (b.  p.  245°). 
If  the  percentage  composition  of  compounds  containing  C^q  in  the 
molecules,  with  varying  amounts  of  hydrogen,  is  taken,  numbers  are 
obtained  which  are  interesting  when  compared  with  those  of  the 
percentage  composition  of  the  foregoing  fractions. 


CioHoQ. 

C10H19. 

CloHjg. 

CioH,7. 

CioH„ 

857 

86-3 

87-0 

87-6    . 

88-2 

14-3 

137 

13-0 

12-4 

11-8 

Although  no  very  definite  results  were  to  be  expected  by  the 
oxidation  of  the  various  fractions,  considering  that  they  were  mixtures 
of  hydrocarbons,  still  it  was  thought  worth  while  to  try  the  action  of 
potassium  permanganate  solution  at  the  ordinary  temperature.    Accord- 
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ingly  the  various  fractions  were  shaken  up  with  a  strong  solution  of 
this  oxidising  agent.  The  first  fraction  (- 100°)  was  shaken  with 
successive  portions  of  permanganate  until  the  solution  remained 
coloured ;  it  was  filtered  and  acidified  with  dilute  sulphui'ic  acid,  when 
it  then  had  a  strong  smell  of  valeric  or  caproic  aldehyde  ;  the 
aldehydes  were  boiled  off  with  steam  and  the  residue  then  oxidised 
with  chromic  acid  solution.  There  remained  a  very  small  quantity  of 
a  liquid  which  would  not  oxidise  even  on  boiling ;  it  had  a  pleasant 
odour  of  peppermint  and  did  not  decolorise  bromine.  It  must  there- 
fore be  some  saturated  polymethylene  ring  compound.  The  residue  from 
which  the  aldehydes  had  been  separated  contained  potassium  oxalate ; 
on  shaking  out  with  ether  an  odourless  acid  was  obtained,  which  was 
converted  into  a  calcium  salt  containing  Ca  =  27-6  per  cent.  ;  calcium 
malonate  requires  Ca  =  28"l. 

The  next  fraction  (1-5  grams,  b,  p.  100  — 150°)  was  found  to 
require  5  grams  of  potassium  permanganate  for  complete  oxidation. 
In  this  case  also  a  small  quantity  of  volatile  aldehydes,  smelling  very 
similarly  to  valeric  or  caproic  aldehydes,  was  noticed.  The  residue  of 
potassium  salts  was  treated  in  the  same  manner  as  that  obtained  from 
the  first  fraction.  From  the  ethereal  extract,  an  unpleasant-smelling, 
oily  acid  mixture  was  obtained  ;  this  was  converted  into  silver  salts 
which  were  but  sparingly  soluble  in  water.  The  least  soluble  salt 
contained  Ag  =  49"7  per  cent.;  the  next  fraction  obtained  from  the 
mother  liquor  by  evaporation  contained  Ag  =  53 "5  per  cent.  The  mean 
of  these  two  results  (Ag  =  51'6)  is  equivalent  to  a  monobasic  acid  of 
M.  W.  =  102.  Valeric  acid  has  a  M.  W.  =  102.  From  the  next 
fraction  (150 — 200^),  treated  in  the  same  way,  a  similar  oily,  un- 
pleasant smelling  acid  was  obtained.  The  silver  salt  contained 
Ag  =  48-0,  which  is  equivalent  to  an  acid  having  M.  W.  =  118; 
caproic  acid  has  a  molecular  weight  of  116. 

It  was  not  thought  worth  while  to  try  further  oxidation.  Bromine 
was  found  to  act  at  once  on  these  hydrocarbons  and  gave  additive 
products.  The  resinous  residue  of  high  boiling  point,  even  when 
dissolved  in  acetic  acid,  interacted  most  violently  with  bromine, 
producing  hydrogen  bromide  and  some  carbon. 

Lastly,  a  further  attempt  was  made  to  obtain  enough  acrolein  from 
ethylene  and  carbon  monoxide  either  to  analyse  it  or  to  convert  it 
into  some  salt  which  could  be  made  pure  enough  for  analysis.  The 
amount  of  acrolein,  however,  was  so  small  that,  although  the  con- 
densation product  smelt  strongly  of  it,  yet  it  could  not  be  separated. 
By  shaking  the  condensation  product  with  water  and  then  oxidising 
the  aqueous  extract  with  moist  silver  oxide,  a  soluble  silver  salt  was 
produced,  the  solution  of  which,  by  careful  evaporation,  yielded  a  small 
quantity  of  crystalline  and  partially  darkened   product  containing,  in 
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the  dry  state,  56"0  per  cent,  of  silver.  This  number  is  too  low  for 
silver  acrylate  (Ag  =  60-3  per  cent.). 

The  further  investigation  of  the  union  of  carbon  monoxide  with 
unsaturated  hydrocarbons  is  one  which  promises  very  important 
results. 

The  following  points  ai-e  the  most  interesting  among  the  foregoing 
results  : 

Ethylene  gas  under  the  influence  of  the  silent  electric  discharge  at  the 
ordinary  temperature  not  only  unites  with  carbon  monoxide,  but  also 
polymerises,  yielding  a  series  of  complicated  hydrocarbons  ;  the  chief 
product  seems  to  consist  of  hydrocai"bons  having  a  boiling  point 
approximating  to  that  of  hydrocarbons  having  the  formula  C^QHgQ  ; 
moreover,  this  molecule  loses  hydrogen  and  in  its  turn  polymerises, 
yielding  a  substance  possessing  properties  somewhat  like  those  of 
india-rubber  and  a  composition  very  near  to  (CgHg),;. 

There  seems  to  be  another  limit  at  which  the  polymerisation  of  the 
ethylene  molecules  appears  to  stop,  namely,  at  substances  with 
boiling  points  a  little  above  250°.  Now  C^^IIgQ  boils  at  about  250°. 
Further  polymerisation  merely  means  liberation  of  hydrogen  and 
formation  of  the  resinous  substance. 

In  conclusion,  it  is  hardly  necessary  to  draw  attention  to  the  remark- 
able similarity  which  exists  between  some  of  these  condensation  products 
and  those  which  are  built  up  in  a  plant.  Moreover,  the  synthesis  has 
been  effected  at  the  ordinary  temperature,  also  by  further  oxidation  at  the 
ordinary  temperature  a  sei'ies  of  aldehydes  and  acids  can  likewise  be 
produced.  The  author  hopes  to  continue  this  research,  as  the  silent 
electric  discharge  seems  eminently  fitted  for  supplying  energy  to  com- 
pounds, but  as  there  is  very  little  heat  energy  developed  decomposition 
of  the  products  does  not  take  place. 

The  Organic  Chemistry  Laboratory, 
University  College, 

Gower  Street. 


CLIIL— TAe  Rusting  of  Iron. 

By  Wyndham  Rowland  Dunstan,  F.R.S.,  Hooper  Albert  Dickinsox 
JowETT,  D.Sc,  and  Ernest  Goulding,  D.Sc. 

Although  the  rusting  of  iron  was  at  first  regarded  as  a  simjale  process 
of  oxidation  (Gmelin,  Handbook  of  Chemistry,  vol.  v,  p.  185),  the 
explanation  at  present  generally  accepted  is  chiefly  based  upon 
the    experiments    of    Grace    Calvert    [Manchester    Lit.    Phil.  Mem., 
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1871,  5,  104)  as  interpreted  by  Crum  Brown  {Journal  of  the  Iron 
and  Steel  Institute,  1888,  129 — 131).  Iron  is  supposed  to  undergo  the 
change  into  rust  through  the  combined  action  of  the  oxygen  and 
carbonic  acid  of  the  air  in  the  presence  of  liquid  water,  the  carbonate  or 
bicarbonate  of  iron  first  formed  being  gradually  converted  by  the 
further  action  of  atmospheric  oxygen  into  a  ferric  hydroxide  or  rust. 
The  successive  changes  were  summarised  by  Crum  Brown  in  the 
following  equations  : 

4(Fe  +  HoO  +  CO2)  =  iFeCOg  +  4H2. 
4FeC03  +  GH^O  +  0^  =  2Fe2(OH),  +  4CO2. 

The  well-known  action  of  alkalis  in  preventing  the  rusting  of  iron 
was  thus  explained  by  their  power  of  absorbing  carbonic  acid,  without 
which  rusting  was  supposed  to  be  unable  to  occur. 

The  results  of  experiments  conducted  for  the  purpose  of  explaining 
the  rapid  corrosion  of  iron  and  lead  pipes  by  soft  water  led  one  of  us 
to  the  conclusion  that  the  nature  of  the  chemical  change  involved  in 
the  atmospheric  oxidation  of  metals  was  not  fully  explained  by  the 
current  theory  and  the  present  investigation  was  then  undertaken. 

A  preliminary  account  of  some  of  tlie  results  which  the  investigation 
has  furnished  was  included  in  a  lecture  on  "The  Rusting  of  Iron" 
delivered  by  one  of  us  to  the  Royal  Artillery  Institution  at  Woolwich 
in  1898  (Dunstan,  Proceedings  of  the  Royal  Artillery  Institution,  1899, 
26,  Xo.  5).  A  brief  account  of  the  conclusions  reached  has  also 
appeared  in  the  Proceedings  of  the  Chemicil  Society  (Dunstan,  Proc, 
1903,  19,  150). 

It  has  been  proved  that  the  aerial  oxidation  of  iron  can  take  place 
in  the  absence  of  carbonic  acid  and  that  some  other  explanation  must 
therefore  be  found  for  the  inhibiting  effect  of  alkalis.  A  series  of 
experiments  was  carried  out  with  this  object  and  the  results  suggested 
that  the  process  of  rusting  may  involve  the  formation  of  hydrogen 
peroxide.  A  careful  investigation  was  therefore  made,  with  the  result 
that  the  conclusion  is  inevitable  that  although  hydrogen  peroxide 
cannot  be  actually  detected  during  the  rusting  of  iron,  this  compound 
is  probably  formed  as  an  intermediate  product  of  the  change.  The 
chemical  reactions  concerned  in  the  process  may  be  represented  in 
outline  by  the  following  equations  : 

Fe  +  O2  +  H,0  =  FeO  +  H.Og. 
2FeO  +  H2O2  =  Fe202(OH)2,(Fe203,H20). 

The  excess  of  hydrogen  peroxide  immediately  reacts  with  the  iron 
forming  a  further  quantity  of  rust. 

Fe  +  H202  =  FeO  +  H,0. 
2FeO  +  H2O2  =  Fe202(OH)2,(F'e203,H20). 
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In  support  of  these  conclusions,  it  has  been  proved  as  the  result  of  a 
series  of  experiments  that  many  soluble  substances,  which  decompose 
and  therefore  interfere  with  the  existence  of  hydrogen  peroxide,  like- 
wise prevent  the  rvisting  of  iron.  The  analysis  of  a  number  of 
specimens  of  iron  rust  has  shown  that  its  composition  may  be  fairly 
represented  by  the  formula  Fe202(OH)2.  The  conclusion  that 
hydrogen  peroxide  is  formed  in  the  process  of  rusting  receives  strong 
support  from  the  evidence  accumulated  by  other  observers  that  this 
compound  is  frequently  produced  in  those  chemical  changes  which 
involve  spontaneous  oxidation  through  the  agency  of  the  oxygen  of  the 
air. 

The  formation  of  hydrogen  peroxide  thus  appearing  to  be  a  necessary 
part  of  the  chemical  process  of  rusting,  the  nature  of  this  process 
required  investigation.  The  formation  of  hydrogen  peroxide  during 
various  processes  of  oxidation  has  been  explained,  notably  l)y  Hoppe- 
Seyler  in  connection  with  physiological  processes,  by  the  supposition 
that  the  substance  is  oxidised  by  one  atom  of  a  molecule  of  oxygen,  the 
other  atom  of  which  attaches  itself  to  a  molecule  of  water  forming 
hydrogen  peroxide.  Thus  in  the  case  of  iron  the  initial  change 
would  be 

Fe  +  O2  +  H2O  =  FeO  +  H^O.^. 

On  the  other  hand,  Traube  has  supposed  that  the  oxygen  is  taken, 
not  from  molecular  oxygen,  but_from  one  molecule  of  water,  the  liberated 
hydrogen  combining  with  a  molecule  of  oxygen  to  form  hydrogen 
peroxide.  Thus,  in  the  case  of  iron,  Fe  + OH2  + 63  =  FeO  + H^Og, 
Traube's  view  involves  the  assumption  that  hydrogen  peroxide  is  not 
oxidised  water,  but  "reduced  "  or  hydrogenised  oxygen,  and  in  support 
of  this  contention  he  has  iDrought  forward  a  considerable  body  of 
evidence. 

The  two  possible  modes  of  formation  of  hydrogen  peroxide  have  been 
experimentally  investigated  so  far  as  they  relate  to  the  rusting  of  iron. 
Positive  evidence  has  been  obtained  in  support  of  the  theory  involving 
the  decomposition  of  water,  whilst  negative  evidence  was  forthcoming 
against  the  view  that  oxygen  is  taken  directly  from  dissolved  oxygen. 
The  results  distinctly  support  the  conclusion  that  water  is  de- 
composed by  the  iron  and  that  the  liberated  hydrogen  goes  to  form 
hydrogen  peroxide  with  the  dissolved  molecular  oxygen.  If  the 
existence  of  hydrogen  peroxide  is  prevented  by  the  introduction  of  a 
soluble  substance  capable  of  destroying  it,  little  or  no  action  between 
the  iron  and  the  water  takes  place  at  the  ordinary  temperature.  The 
oxidation  process  appears  therefore  to  be  a  part  of  a  definite  cycle  of 
chemical  change,  the  energy  of  which  is  partly  derived  from  the  com- 
bination of  the  hydrogen  formed.     It  has  been  found   that   rusting  of 
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iron  can  occur  in  the  absence  of  free  oxygen  provided  that  certain 
oxidising  agents  are  present  with  which  the  hydrogen  of  the  water 
can  interact. 

Another  possible  explanation  of  the  formation  of  hydrogen  peroxide 
in  the  rusting  process  may  be  noticed  here.  It  has  often  been  sug- 
gested that  hydrogen  peroxide  may  be  formed  from  oxygen  dissolved 
in  water,  especially  under  the  influence  of  light.  If  this  were  proved 
to  be  the  case,  the  formation  of  hydrogen  peroxide  by  the  direct  oxida- 
tion of  water  would  be  established  and  an  extremely  simple  explanation 
afforded  of  the  phenomena  of  the  oxidation  of  iron.  There  is,  however, 
no  satisfactory  recorded  evidence  that  hydrogen  peroxide  is  ever  pro- 
duced in  a  solution  of  oxygen  in  water,  whilst  rusting  commences  and 
proceeds  without  interruption  in  the  dark. 

An  attempt  has  been  made  by  Whitney  {J.  Amer.  Chem.  Soc,  1903, 
25,  394)  to  apply  the  theory  of  electrolytic  dissociation  to  the  explana- 
tion of  the  rusting  of  iron.  Water  being  assumed  to  be  slightly 
dissociated  into  hydrogen  and  hydroxyl  ions,  it  should  be  capable  of 
dissolving  minute  quantities  of  metallic  iron,  owing  to  the  formation 
of  an  electric  circuit  containing  iron  as  the  positive  and  hydrogen  as 
the  negative  element.  If  this  is  the  case,  the  rusting  process  would  be 
explained,  the  ferrous  hydroxide  first  formed  absorbing  oxygen  from 
the  air.  Substances  such  as  alkaline  salts  interfere  with,  or  altogether 
prevent  rusting  by  hindering  the  accumulation  of  hydrogen  ions,  whilst 
acids  and  certain  salts  tend  to  accelerate  rusting  by  increasing  the 
accumulation  of  hydrogen  ions.  When  the  concentration  of  the 
hydrogen  has  attained  a  certain  maximum,  the  hydrogen,  according  to 
Whitney,  is  evolved  as  a  gas.  This  is,  however,  contrary  to  fact,  no 
hydrogen '  being  liberated  in  ordinary  circumstances  during  the 
rusting  of  iron.  Careful  experiment  has  also  failed  to  confirm 
Whitney's  statement  that  iron  dissolves  to  a  slight  extent  in  water, 
whilst  the  theory  in  question  is  shown  to  afford  no  explanation  of  the 
fact,  established  during  the  course  of  this  investigation,  that  substances 
other  than  alkaline  salts,  such  as  chromic  acid  and  potassium  dichrom- 
ate,  prevent  the  rusting  of  iron. 

In  order  to  gain  accurate  information  concerning  the  nature  of  the 
chemical  process  of  rusting,  experiments  were  made  in  the  first  instance 
with  highly  purified  materials.  The  presence  of  impurities  in  the  iron 
has  a  considerable  influence  in  modifying  the  action  and  in  many  cases 
of  accelerating  the  rusting.  This  subject  has  been  discussed  in  con- 
nection with  steel  in  the  report  on  Corrosion  made  by  one  of  us  to  the 
Steel  Rails  Committee  of  the  Board  of  Trade  (1900). 

The  part  played  by  carbonic  acid  during  atmospheric  oxidation  of 
iron  must,  in  future,  be  regarded  as  subsidiary  and  not  essential. 
The   presence  of    carbonic  acid  accelerates  the  rusting   process    and 
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forms  a  carbonate  of  the  metal  to  an  extent  depending  on  the  amount 
of  carbonic  acid  present.  Since  this  carbonate  is  gradually  decomposed 
by  the  further  action  of  water  and  oxygen,  only  a  minute  proportion 
is  found  in  rust  which  has  been  long  exposed  to  air.  As  the  carbonic 
acid  at  first  absorbed  in  the  action  is  afterwards  evolved  again  by  the 
decomposition  of  the  carbonate,  it  is  obvious  that  a  small  proportion 
may  produce  a  considerable  effect  in  accelerating  the  action.  It  is 
evident,  however,  that  the  main  action  concerned  in  the  ordinary 
atmospheric  oxidation  of  iron  is  not  dependent  on  the  presence  of 
carbonic  acid,  but  is  a  change  proceeding  between  oxygen  and  iron  in 
the  presence  of  liquid  water. 

The  investigation  has  been  partially  extended  to  other  metals,  with 
the  general  conclusion  that  the  atmospheric  oxidation  of  all  the  metals 
w^ould  appear  to  be  conditioned  by  the  same  process  as  that  which  has 
been  traced  in  the  case  of  iron.  In  many  instances,  as  in  those  of  lead 
and  zinc,  the  formation  of  hydrogen  peroxide  can  be  actually  detected 
during  the  course  of  the  action,  and  it  is  found  that  the  action  in 
these  cases  is  stopped  by  those  agents  which  also  prevent  the  atmos- 
pheric oxidation  of  iron. 

In  the  ordinary  rusting  of  impviie  iron,  three  factors  may  be  involved, 
namely,  (1)  the  direct  oxidation  process,  which  depends  on  the  action 
on  the  iron  of  oxygen  together  with  liquid  water,  (2)  the  action  of 
atmospheric  carbonic  acid,  and  (3)  electrolytic  action  generated  by 
impurity.  Each  of  these  factors  has  been  studied  separately  and  is 
discussed  in  the  following  pages. 

1.  Action  oj  Dry  and  Moist    Gases  on  Iron. 

The  first  experiments  were  carried  out  with  the  object  of  ascertain- 
ing the  behaviour  of  metallic  iron  (i)  in  the  presence  of  dry  gases  and 
(ii)  in  the  presence  of  moist  gases.  Small  pieces  of  highly  purified 
iron  (shown  by  analysis  to  contain  99 '94  per  cent,  of  iron)  were  placed 
in  contact  with  the  following  gases  :  oxygen,  carbon  dioxide,  a 
mixture  of  oxygen  and  carbon  dioxide,  a  mixture  of  oxygen  and 
ammonia.  In  one  series  of  experiments,  the  gases  were  carefully  dried, 
whilst  in  the  other  series  they  were  saturated  with  water  vapour.  The 
experiments  were  conducted  in  the  following  manner.  The  plate  of 
iron,  after  being  polished,  was  placed  in  a  piece  of  hard  glass  tubing, 
contracted  at  either  end,  which  was  then  heated  to  redness  and  a 
current  of  pure  hydrogen  passed  over  it.  While  the  iron  was  still  hot, 
one  end  of  the  tube  was  sealed  and  the  metal  was  allowed  to  cool  in 
the  atmosphere  of  hydrogen.  The  tube  A  was  now  attached  to  the 
apparatus  shown  in  Figure  1,  and  was  exhausted  by  means  of  a 
Sprengel  pump,  the  tap  d  being  closed.     The  particular  gas  required 
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was  then  admitted  by  the  tap  d.  The  tube  was  again  exhausted  and 
again  filled  with  the  gas,  this  operation  being  repeated  several  times  in 
order  to  remove  the  whole  of  the  hydrogen.  Finally  the  tube  filled 
with  the  gas  was  sealed  at  /.  The  gases  employed  were  carefully 
purified  and  in  series  i  were  finally  dried  by  being  passed  through  a 
long  tube  containing  phosphoric  oxide,  whilst  in  series  ii  they  were 
saturated  with  aqueous  vapour  by  being  bubbled  through  air-free 
water.  In  order  to  ensure  that  no  water  should  be  deposited  on  the 
surface  of  the  metal  by  condensation  due  to  fluctuation  of  temperature, 
the  tubes  were  placed  in  a  thermostat,  the  temperature  of  which  was 
maintained  at  34°,  and  were  left  for  three  months.  At  the  end  of  this 
time  the  tubes  were  examined,  and  not  the  slightest  trace  of  rust  was 
found  in  any  case. 

A  precisely  similar  set  of  tubes  was  prepared  and  allowed  to  remain 
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at  the  ordinary  variable  temperature.      The  results  of  these  two  series 
of  experiments  may  be  summarised  thus  : 

At  constant  temperature.     At  variable  temperature. 

Dry  gases No  visible  action.       No  visible  action. 

Moist  oxygen  No  visible  action.       Large  amount  of  rust  formed. 

Moist  oxygen  and  carbon  dioxide     No  visible  action.       Copious  rusting. 

Moist  oxygen  and  ammonia  , No  visible  action.       No  visible  action. 

Moist  carbon  dioxide No  visible  action.       No  visible  action. 

It  is  therefore  proved  that  rusting  of  iron  does  not  occur  in  the 
presence  of  either  dry  or  moist  oxygen,  carbon  dioxide,  or  in  a  mixture 
of  these  gases  if  the  temperature  is  constant.  When,  however,  the 
temperature  fluctuates  and  liquid  water  is  deposited  on  the  metal, 
rusting  occurs  in  the  presence  of  oxygen  alone  or  mixed  with  carbon 
dioxide,  but  not  in  carbon  dioxide  alone  or  in  oxygen  mixed  with 
ammonia. 

Since  these  results,  especially  with  reference  to  the  action  of  carbon 
dioxide,  are  at  variance  with  those  of  Crace  Calvert  (^oc.  cit.),  which 
are  now  generally  accepted,  the  experiments  described  by  that  chemist 
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were  repeated  under  the  same  conditions.  Carefully  cleaned  pieces  of 
iron,  having  a  gutta-percha  mass  at  one  end,  were  introduced  into  tubes 
which  were  placed  over  a  trough  of  mercury,  and  the  air  in  the  tubes 
was  displaced  by  leading  in  the  desired  gases.  The  following  results 
were  obtained  : 


Experiment. 
Pure  oxygen  and  aqueous 
vapour. 

Oxygen,    carbon    dioxide, 
and  aqueous  vap.iur. 


Result. 
After  some  weeks  rusted 

locally,  especially  at  the 

edges. 
After  a  few  weeks  specks 

of  rust  ajipeared. 


Carbon  dioxide  and  aque- 
ous vapour. 


Iron  remained  quite  bright. 


Grace  Calvert's  result. 

"In  three  experiments 
only  one  blade  slightly 
oxidised." 

"Oxidation  most  rapid,  a 
few  hours  being  suf- 
ficient. The  blade  as- 
sumed a  dark  green 
colour  which  then 
turned  brown-ochre." 

"Slight  appearance  of  a 
white  precipitate  found 
to  be  carbonate  of  iron. 
Two  only  out  of  six  ex- 
periments did  not  give 
these  results." 

These  results  are  seen  to  differ  fi'om  those  of  Grace  Calvert  whilst 
they  confirm  those  we  had  already  obtained,  the  slight  variations  being 
due  to  the  higher  laboratory  temperature  in  the  later  series. 

It  is  not  possible  from  the  de.*cription  givea  by  Crace  Calvert  of  his 
experiments  to  state  the  origin  of  the  difference  between  his  results 
and  ours.  It  is  clear,  however,  that  insufficient  precautions  were 
taken  by  him  to  avoid  more  than  one  important  source  of  error,  in 
particular  to  control  the  effect  of  a  fluctuating  temperature. 

Our  experiments  therefore  lead  to  the  following  conclusions.  Iron 
does  not  rust  when  left  in  contact  with  dry  gases.  In  the  case  of 
moist  gases,  no  rusting  occurs  with  oxygen  or  with  mixtures  of  oxygen 
and  carbon  dioxide  so  long  as  a  constant  temperature  is  maintained,  but 
if  the  temperature  is  allowed  to  fluctuate,  liquid  water  condenses  on 
the  surface  of  the  iron  and  rust  is  produced.  The  presence  of  liquid 
water  is  shown  to  be  necessary  for  rusting  to  take  place,  a  point  of 
importance  to  which  attention  was  called  by  Crum  Brown  (loc.  cit.). 

The  subsidiary  action  of  carbon  dioxide  in  connection  with  Crace 
Calvert's  experiments  may  be  conveniently  discussed  later  in  this 
paper. 


2.   The   Action    of   Oxygen    and    Liquid    Water   on   Iron. 

In  order  to  investigate  the  action  of  pure  oxygen  on  iron  in 
presence  of  water,  experiments  were  carried  out  in  which  the  oxygen 
and  water  were  both  carefully  purified  in  such  a  manner  as  to  ensure 
their  freedom  from  carbon  dioxide.  The  iron,  the  surface  of  which 
had  been  thoroughly  cleaned  and  polished  and   any  trace  of   oxide 
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afterwards  reduced  in  a  current  of  hydrogen,  was  contained,  as  in 
previous  experiments  (page  1553),  in  the  tube  A,  which  was  attached 
at  c  by  the  only  india-rubber  joint  in  the  whole  apparatus  (Figure  2). 
Hydrogen,  carefully  freed  from  carbon  dioxide  by  passing  it  through 
several  wash-bottles  and  towers  cont  lining  potassium  hydroxide,  was 
driven  from  B  through  the  distilling  flask  C,  which  contained  water, 
lime,  and  potassium  permanganate.  The  other  parts  of  the  apparatus 
corresponded  with  those  used  in  the  previous  experiments.  The 
whole  apparatus  was  first  filled  with  hydrogen  gas,  the  clamp  c  being 
closed.  A  quantity  of  water  amounting  to  about  100  c.c.  was  then  dis- 
tilled in  a  current  of  hydrogen  from  the  flask  C  into  the  bottle  D.  The 
whole  apparatus  being  still  full  of  hydrogen,  the  taps  b  and  d  were 
closed,  c  was  opened,  and  the  portion  of  the  apparatus  above  tap  b  was 
exhausted  by  means  of  the  air-pump.      The  taps  c  and  a  wei'e  now 

Fig.  2. 


closed,  tap  b  was  opened,  and  watet'  was  distilled  into  the  T-piece 
above  tap  a  until  the  level  of  the  distilled  water  reached  tap  c.  On 
opening  tap  c,  the  water  saturated  with  pure  hydrogen  entered  the 
tube  A  and  completely  covered  the  piece  of  iron.  The  tap  b  was  now 
closed  and  the  portion  of  the  apparatus  above  this  tap  was  filled  with 
pure  oxygen,  admitted  through  tap  d.  The  utmost  care  was  taken  that 
this  oxygen  was  completely  free  from  carbon  dioxide  by  passing  it 
through  three  wash-bottles  containing  aqueous  potassium  hydroxide 
and  afterwards  through  a  tower  of  solid  potassium  hydroxide.  The 
apparatus  above  b  was  re-exhausted  and  again  filled  with  the  gas,  as  in 
the  experiments  previously  described. 

"When  the  iron  was  left  in  contact  with  water  saturated  with 
hydrogen  and  in  an  atmosphere  of  the  same  gas,  no  action  took  place. 
On  admission   of  oxygen,  however,  action  immediately  commenced,  a 
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substance  of  a  green  colour  being  produced  which  rapidly  changed  to 
the  red  colour  characterittic  of  rust.*  This  experiment  was  repeated 
several  times,  always  with  the  same  result.  In  other  experiments, 
nitrogen  was  used  instead  of  hydrogen,  similar  results  being  obtained. 
The  action  was  the  same  whether  light  was  excluded  or  not. 

The  "  rust ''  produced  in  these  exj^eriments  was  analysed  by  the 
following  method,  which  enables  the  iron,  hydrogen,  and  oxygen  to  be 
determined  in  a  very  small  quantity  of  the  substance.  A  weighed 
quantity  of  the  air-dried  rust  was  heated  in  a  porcelain  boat  in  a 
current  of  dry  carbon  dioxide  and  the  loss  due  to  combined  water 
thus  determined.  The  residue  was  reduced  by  heating  it  in  a  stream  of 
hydrogen,  and  the  resulting  water  was  collected  and  weighed  and  the 
amount  of  oxygen  calculated  from  the  result.  The  total  iron  in  the 
residue  was  estimated  gravimetrically  in  the  usual  way.  Analyses  of 
two  different  specimens  furnished  the  following  results  : 

I.  II. 

Iron   62-16  62-2 

Hydrogen 1-14  1-2 

Oxygen 3597  36-6 


3.  Action  of   Water  Alone  on  Iron. 

It  has  been  assumed  by  Whitney  (loo.  cit.)  that  water,  on  the  electro- 
lytic hypothesis,  being  slightly  dissociated,  is  capable  of  dissolving  iron 
in  the  absence  of  oxygen  or  of  carbon  dioxide  owing  to  the  formation 
of  a  voltaic  couple  in  which  the  iron  acts  as  the  positive  element, 
whilst  the  negative  element  consists  of  the  few  hydrogen  ions  which 
the  water  normally  contains.  On  this  supposition  he  has  founded  a 
theory  of  rusting.  He  shows  that  theoretically  those  substances,  such 
as  acids,  which  permit  of  the  concentration  of  hydrogen  ions  accelerate 
rusting,  whilst  those  substances,  such  as  alkalis,  which  diminish  the 
concentration  of  the  hydrogen  ions  inhibit  rusting.  The  experimental 
evidence  adduced  by  Whitney  in  support  of  the  fundamental  assump- 
tion that  iron  dissolves  appreciably  in  pure  water  in  the  absence  of 
oxygen  or  carbonic  acid  is  slender  and  unsatisfactory.  The  theory 
also  involves  the  assumption  that  hydrogen  is  liberated  during  the 
rusting  of  iron,  but  no  evidence  of  the  formation  of  free  hydrogen  is 
produced  by  Whitney,  and  we  have  never  noticed  its  production  in 
any  of  the  experiments  we  have  conducted.  As  regards  the  solubility 
of  iron  in  water,  Whitney  describes  an  experiment  in  which  a  piece  of 

*  The  coarse  followed  in  the  oxidation  of  the  surface  of  the  metal  is  subject  to 
considerable  variation,  the  action  being  often  localised  in  patches.  As  these  vari- 
ations are  noticed  with  nearly  pure  iron,  they  are  probably  connected  with  the 
physical  condition  of  the  surface  and  not  witli  impurity. 
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bi'ight  iron  was  placed  in  a  bottle  of  boiling  water,  and,  while  the 
water  was  still  boiling,  a  stopper  carrying  a  glass  tube  was  firmly 
inserted  in  the  neck  of  the  bottle  and  the  end  of  the  glass  tube  sealed 
in  the  blowpipe  ;  the  stopper  and  the  neck  of  the  bottle  were  after- 
wards coated  with  paraffin  wax.  In  experiments  thus  made,  he  states 
that  the  iron  remained  without  change  for  weeks,  but,  on  admitting 
air,  rust  was  formed  in  a  few  minutes,  the  water  becoming  cloudy  and 
assuming  a  yellow  colour.  In  15  or  20  minutes,  rust  was  produced 
throughout  the  bottle,  being  deposited  on  the  glass  as  well  as  on  the 
metal.  From  these  results,  Whitney  concludes  that  the  iron  had 
dissolved  in  the  water  before  the  admission  of  air,  and  that  the  oxygen 
admitted  reacted  with  the  dissolved  iron  with  the  formation  of  rust. 

We  have  repeated  this  experiment  in  the  following  manner.  A 
flask  of  600  c.c.  capacity,  filled  with  distilled  water,  was  boiled  for 
15  minutes;  two  pieces  of  purified  iron  each  about  1^  inches  square 
were  then  placed  in  the  flask,  and  an  india-rubber  stopper  carrying  a 
glass  tube  which  projected  7 — 8  inches  above  the  stopper  and  ended 
in  a  capillary  was  fitted  into  the  neck  of  the  flask,  the  water  being 
kept  boiling  continuously.  The  water  was  allowed  to  boil  for 
five  minutes  longer,  when  the  capillary  was  sealed  and  the  stopper  coated 
with  parafiin  wax.  This  flask  was  left  at  the  ordinary  temperature 
for  three  weeks,  in  the  course  of  which  no  visible  change  occurred.  It 
was  then  opened,  when  one-half  of  the  liquid  was  quickly  poured  into 
a  beaker,  the  other  half  being  left  in  contact  with  the  iron  in  the 
flask.  The  liquid  in  the  beaker  on  exposure  to  the  air  showed  no 
cloudiness,  no  yellow  coloration,  and  no  separation  of  rust.  In  fact, 
on  testing  the  liquid  for  iron  by  the  extremely  delicate  thiocyanate 
reaction  not  a  trace  could  be  detected.  The  pieces  of  iron  in  the  open 
flask  after  an  hour  showed  signs  of  rusting,  just  as  in  ordinary  cases, 
but  the  phenomena  described  by  Whitney  were  not  observed.  We  are 
therefore  unable  to  confirm  Whitney's  statement  that  liquid  water 
alone  is  capable  of  dissolving  even  an  infinitesimal  quantity  of  iron. 
This  being  the  case,  the  theory  based  on  this  statement  becomes  un- 
tenable. 

It  having  been  proved  that  iron  rusts  in  the  presence  of 
oxygen  and  water  without  the  aid  of  carbon  dioxide,  it  follows  that 
the  inhibitive  action  of  alkalis  on  the  process  of  rusting  must  find 
some  other  explanation  than  that  hitherto  accepted,  which  assumes 
that  alkalis  remove  carbon  dioxide,  in  the  absence  of  which  rusting 
cannot  occur.  The  action  of  a  number  of  alkalis  and  salts  on  rusting 
has  therefore  been  carefully  studied. 
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4.  Effect  of  Salts  and  Other  Substances  on  the  Process 
of  Rusting. 

The  influence  of  various  salts  on  the  oxidation  of  iron  was  studied 
by  placing  pieces  of  highly  purified  polished  iron  in  a  solution  of  the 
salt  standing  in  an  atmosphere  of  oxygen.  The  experiments  were 
carried  out  by  the  methods  already  described,  with  the  following 
modification  (Figure  3).  The  tube  A  containing  the  salt  and  metal  is 
connected  with  the  condenser  at  a  and  also  with  a  guard-tube  contain- 
ing a  solution  of  potassium  hydroxide.  The  water  is  distilled  into  A 
in  a  current  of  hydrogen,  and  one  arm  of  the  tube  A  is  then  sealed 
at  6  ;  it  is  then  attached  by  the  other  arm  to  the  apparatus  previously 
described,  is  exhausted  several  times,  and  filled  with  the  gas  required. 
The  tube  is  then  sealed  off. 

Fig.  3. 
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It  was  found  by  these  experiments  that  solutions  of  the 
following  substances  totally  inhibited  oxidation,  the  iron  being  quite 
bright  and  unchanged  even  after  several  years  ;  sodium  carbonate, 
potassium  carbonate,  ammonium  carbonate,  ammonia,  calcium  hydr- 
oxide, borax,  disodium  hydrogen  phosphate,  sodium  nitrite,  potassium 
ferrocyanide,  chromic  acid  (carefully  freed  from  sulphuric  acid), 
potassium  chromate,  and  potassium  dichromate.  As  was  to  be 
expected  the  formation  of  rust  is  not  entirely  prevented  if  solutions  ai  e 
very  dilute. 

If  the  iron  is  covered  with  platinum  black,  manganese  dioxide,  lead 
hydroxide,  or  purified  animal  charcoal,  oxidation  takes  place  only 
slowly  or  is  stopped  altogether.  In  the  presence  of  calcium  carbonate, 
however-,  rusting  readily  occurs.  The  amount  of  rusting  which  occurs 
when  insoluble  solids  are  used  appears  to  depend  partly  on  the  extent 
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to  which  the  surface  of  the  metal  is  mechanically  protected  from  the 
continuous  action  of  the  liquid  by  the  layer  of  powder  which  covers  it, 
and  partly  also  on  the  nature  of  the  protecting  solid. 

Rufeting  is  inhibited  by  strong  solutions  of  sodium  hydrogen  carbon- 
ate (5 — 10  per  cent.),  but  in  dilute  solutions  (1  per  cent,  or  less)  the 
iron  becomes  covered  with  a  brown  film. 

Solutions  of  the  following  salts  did  not  prevent  the  iron  from  under- 
going corrosion  :  sodium  chloride,  potassium  chlorate,  ferrous  sulphate, 
potassium  nitrate,  potassium  ferricyanide,  and  sodium  sulphate.  In 
the  case  of  potassium  nitrate,  the  action  seemed  to  be  somewhat 
retarded,  the  amount  of  oxide  formed  being  less  than  that  produced 
when  iron  is  treated  with  water  and  oxygen  alone.  The  explanation 
of  this  retarding  action  was  afforded  by  the  subsequent  observation 
that  potassium  nitrite,  a  salt  which  inhibits  rusting,  had  been  pro- 
duced during  the  contact  of  iron  and  potassium  nitrate. 

A  consideration  of  the  results  of  these  experiments  suggested  that 
the  chemical  pi-ocess  of  rusting  might  involve  the  formation  of  hydro- 
gen peroxide.  In  support  of  this  suggestion  is  the  fact  that  rusting 
does  not  take  place  unless  water  in  the  liquid  state  is  present,  a 
condition  which  is  favourable,  if  not  essential,  to  the  formation  of 
hydrogen  peroxide,  whilst  the  supposition  receives  further  support 
from  the  observation  that  those  substances,  such  as  alkalis,  alkaline 
salts,  and  potassium  dichromate,  which  prevent  rusting  from  taking 
place  are  also  known  to  be  capable  of  decomposing  a  solution  of 
hydrogen  peroxide  and  therefore  of  interfering  with  its  existence.  On 
the  other  hand,  those  salts  which  are  incapable  of  decomposing 
hydrogen  peroxide  have  been  found  not  to  stop  the  process  of  rusting. 

The  remainder  of  this  paper  describes  the  investigation  of  this  view 
of  the  rusting  process  and  the  experiments  made  with  a  view  to 
elucidating  the  part  played  by  hydrogen  peroxide. 

5.  Formation    of    Hydrogen    Peroxide     during     the 
Oxidation     of    Metals. 

It  is  well  known  that  hydrogen  peroxide  is  formed  during  many 
processes  in  which  ai^rial  oxidation  occurs,  and  that  its  presence  in 
small  quantity  may  usually  be  detected  during  the  aerial  oxidation  of 
certain  metals,  for  example,  zinc.  The  production  of  hydrogen  per- 
oxide in  these  cases  suggests  that  this  substance  is  also  formed  in  the 
rusting  of  iron,  although  direct  evidence  of  its  presence  cannot  be 
obtained  with  certainty.  All  experiments  made  in  this  direction  have 
yielded  virtually  negative  results.  On  account  of  its  extreme  delicacy 
for  the  detection  of  hydrogen  peroxide,  the  titanic  acid  test  was 
employed.     Iron  freshly  reduced  in  hydrogen  was  shaken  with.oxygen 
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and  water,  and  the  liquid,  examined  from  time  to  time,  showed  no 
trace  of  hydrogen  peroxide,  but  when  zinc  was  treated  under  the  same 
conditions,  a  distinct  reaction  for  hydrogen  peroxide  was  obtained  in 
two  hours.  When  a  mixture  of  iron  and  calcium  hydroxide  was 
shaken  with  air  and  water,  no  trace  of  hydrogen  peroxide  or  calcium 
peroxide  could  be  detected.  Experiments  in  which  iron  is  immersed 
in  dilute  hydrogen  peroxide  showed  that  reaction  is  almost  im- 
mediate, the  peroxide  being  i^apidly  decomposed  with  formation  of 
rust. 

The  fact  that  hydrogen  peroxide  is  so  readily  attacked  by  iron,  as 
well  as  by  ferrous  hydroxide,  would  certainly  render  the  detection  of 
peroxide  difficult,  assuming  this  substance  to  be  an  intermediate  pro- 
duct of  the  rusting  of  iron. 

Traube's  experiments  in  connection  with  the  production  of  hydrogen 
peroxide  during  the  combustion  of  a  jet  of  hydrogen  or  carbon  mon- 
oxide were  repeated  and  confirmed,  a  distinct  reaction  with  titanic 
acid  and  dichromate  being  obtained  in  each  case  from  the  water  on 
which  the  flame  had  played.  When,  however,  a  burning  jet  of  ether 
vapour,  a  luminous  gas  flame,  or  a  non-luminous  gas  flame  was  allowed 
to  play  on  the  surface  of  water  either  at  the  ordinary  temperature  or 
at  zero,  no  trace  of  hydrogen  peroxide  could  be  detected.  In  these 
cases,  the  presence  of  products  of  incomplete  combustion  capable  of 
reacting  with  hydrogen  peroxide  would  prevent  its  detection  in  the 
free  state. 

The  action  of  oxygen  and  water  on  several  metals  in  the  presence 
of  a  trace  of  sulphuric  acid,  which  would  promote  the  liberation  of 
hydrogen,  was  now  examined  in  the  following  manner.  The  metal 
was  placed  under  distilled  water  containing  a  trace  of  sulphuric  acid, 
and  oxygen  was  bubbled  through  the  liquid  for  some  time.  The  mix- 
ture was  then  shaken  and  tested  for  hydrogen  peroxide  from  time  to 
time.  It  was  found  in  all  these  instances  except  in  that  of  iron.  A 
parallel  series  of  experiments  was  carried  out  omitting  the  sulphuric 
acid,  and,  except  in  the  case  of  zinc,  no  hydrogen  peroxide  could  be 
detected. 

The  results  of  the  experiments  made  in  the  presence  of  acids  were 
as  follows  : 

Metal.  Result. 

Copper.  After  48  hours,  the  liquid  was  of  a  faint  blue  colour, 

and  gave  a  distinct  reaction  for  hydrogen  peroxide. 

Mercury.  After  2  hours,  a  distinct  reaction  for  hydrogen  per- 

oxide. 

Silver.  After  24   hours,   a  trace  of  hydrogen  peroxide  was 

found. 
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Metal.  Result^ 

Lead.  The  liquid  became  milky  at  once,  and  gave  a  well- 

marked  reaction  for  hydrogen  peroxide. 

Bismuth.  A  well-marked  reaction  for  hydrogen  peroxide. 

Tin.  The  reaction  was  not  so  well  marked  as  in  the  case 

of  bismuth. 

Zinc.  A  well-mai'ked  reaction  for  hydrogen  peroxide. 

Iron.  Although  examined  from  time  to  time,  no  hydrogen 

peroxide  could  be  detected. 

Thus,  hydrogen  peroxide  was  found  in  every  case  except  in  that  of 
iron.  If  hydrogen  peroxide  were  produced  in  presence  of  iron,  it 
would  be  at  once  decomposed. 

In  order  to  ascertain  whether  hydrogen  peroxide  would  attack  iron 
in  the  presence  of  a  substance  which  inhibits  ordinary  rusting,  metallic 
iron  was  inti'oduced  into  solutions  of  borax  and  lime  respectively,  and 
hydrogen  peroxide  was  then  added.  The  iron  in  these  cases  remained 
unattacked,  although  the  peroxide  was  decomposed  and  oxygen  was 
evolved.  If  a  plate  of  bright  and  highly  polished  steel  is  immersed 
in  a  strongly  alkaline  solution  of  hydrogen  peroxide,  decomposition  of 
the  hydrogen  peroxide  is  extremely  rapid  and  bubbles  of  oxygen  are 
liberated  on  the  surface  of  the  steel,  yet  no  rusting  occurs  if  the 
alkaline  solution  is  fairly  strong. 

6.  Aerial  Oxidation  or  Rusting  of  Metals  in  General. 

By  the  direct  action  of  hydrogen  peroxide  on  metallic  iron,  a  red, 
basic  ferric  hydroxide  is  produced.  In  order  to  further  elucidate  the 
general  theory  of  rusting,  other  metals  were  examined  in  respect  of 
their  capacity  to  undergo  oxidation  in  the  air  and  to  decompose 
hydrogen  peroxide.  It  was  found  that  in  general  those  metals  rust  in 
air  which  are  oxidised  by  hydrogen  peroxide,  whilst  those  metals 
which  are  cot  oxidised  by  hydrogen  peroxide  do  not  rust  in  air.  The 
following  metals  belong  to  the  former  class  :  iron,  zinc,  cadmium,  lead, 
aluminium,  and  bismuth.  The  second  class  contains  the  metals 
copper,  platinum,  silver,  gold,  nickel,  and  antimony,  which  neither 
rust  appreciably  in  air  nor  react  with  hydrogen  peroxide  to  form  the 
metallic  hydroxide.  The  rusting  of  the  metals  of  the  first  class  is 
found  without  exception  to  be  stopped  by  contact  with  substances 
which  are  capable  of  decomposing  hydrogen  peroxide.  Thus  if  zinc 
foil  is  placed  under  water  in  presence  of  oxygen,  corrosion  is  prevented 
by  the  presence  of  sodium  carbonate,  calcium  hydroxide,  boi\ax, 
ammonia,  and  potassium  dichromate,  whilst  sodium  chloride  does  not 
inhibit  the  action. 

The   results    of    experiments   with  lead  and   aluminium    confirmed 
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these  conclusions,  and  although  this  series  of  experiments  was  not  so 
complete  as  that  carried  out  in  the  case  of  iron,  the  evidence  appears 
sufficient  to  warrant  the  general  statement  that  aerial  oxidation  or  the 
interaction  of  metals  with  free  oxygen  in  the  presence  of  liquid  water 
is  prevented  by  solution  in  the  water  of  substances  which  are  able  to 
decompose  hydrogen  peroxide. 


7.  The  General  Theory  of  Rust 


ini 


Of  the  various  suggestions  which  have  been  offered  to  explain  the 
formation  of  hydrogen  peroxide  in  the  aerial  oxidation  or  so-called 
*'  autoxidation,"  the  two  which  appear  the  most  probable  are  those  of 
Hoppe-Seyler  and  Moritz  Traube.  These  hypotheses  are  expressed  by 
the  following  diagrams  : 

[Fe  +  Oi :  ]0  +  HgOi  =  FeO  +  H2O2  (Hoppe-Seyler). 
W+W5\'W)^+0l  =  Fe(OH)2-|-H202  (Traube). 

If  the  former  theory  affords  the  true  explanation,  the  active  oxygen 
attacking  the  iron  to  form  the  oxide,  then  it  follows'  that  ozone  ought 
to  attack  iron  even  in  saline  solutions  which  decompose  hydrogen 
peroxide,  since  in  this  reaction  no  hydrogen  peroxide  would  be  formed, 
and  hence  the  action  would  not  be  stopped  by  the  presence  of 
substances  which  decompose  it  or  inhibit  its  formation. 

The  reaction  would  be  thus  represented  : 

jFe +'6:-02  +  HgO  =  FeO  +  Og  +  H2O. 

On  the  other  hand,  if  Traube' s  hypothesis  is  correct,  ozone  would 
not  act  exceptionally,  since  the  hydrogen  peroxide  is  assumed  to  be 
formed  by  "  reduction  "  of  molecular  oxygen  only  and  not  by  the 
oxidation  of  water.     The  following  experiments  were  carried  out. 

Ozonised  oxygen  was  prepared  by  passing  purified  oxygen  through  a 
Siemens'  ozoniser.  The  tubes  were  filled  as  described  previously,  the 
oxygen  being  replaced  by  ozonised  oxygen.  Tubes  were  prepared  con- 
taining the  pure  iron  and  (i)  dry  ozonised  oxygen,  (ii)  ozonised  oxygen 
and  aqueous  vapour,  (iii)  ozonised  oxygen  and  water,  (iv)  ozonised 
oxygen  and  aqueous  solution  of  sodium  carbonate,  (v)  ozonised  oxygen 
and  solution  of  potassium  dichromate.  In  each  case  the  ozonised 
oxygen  behaved  precisely  as  ordinary  oxygen  does  under  the  same 
conditions.  A  series  of  parallel  experiments  in  which  iron  was 
absent  showed  that  ozone  is  only  slowly  decomposed  under  these  con- 
ditions, ozone  in  the  presence  of  water  and  sodium  carbonate  not 
being  totally  decomposed  until  after  three  days.  These  experiments 
prove,  therefore,  that  ozonised  oxygen  behaves  towards  iron  as  ordinary 


THE   RUSTING  OF   IRON.  1563 

oxygen  does  and  that  the  active  oxygen  of  ozone  cannot  initiate  the 
rusting  of  iron. 

Action  of  Nitrous  Oxide. — Again,  if  the  theory  which  supposes 
direct  action  of  iron  on  the  oxygen  is  correct,  it  is  probable  that  the 
oxygen  could  be  replaced  by  nitrous  oxide  which,  as  is  well  known  is 
readily  separated  into  nitrogen  and  oxygen.  The  reaction  might 
proceed  thus  : 

iFe +  0:^2  +  H2O  =  FeO  +  N^  +  Up, 

and  rusting  should  therefore  take  place  in  the  absence  of  free  oxygen. 
Two  experiments  in  which  pure  iron  was  left  in  contact  with  water 
and  nitrous  oxide  in  the  absence  of  free  oxygen  were  carefully  carried 
out  in  the  manner  already  described,  but  no  rusting  occurred  in  either 
case. 

On  the  other  hand,  if  it  is  supposed  with  Traube  that  the  metal 
first  attacks  the  water  liberating  hydrogen,  it  ought  to  be  possible  to 
replace  the  oxygen  by  some  i-educible  substance  capable  of  reacting 
with  the  liberated  hydrogen.  Rusting  should  then  proceed  in  the 
absence  of  free  oxygen. 

Experiments  were  made  in  which  potassium  ferricyanide,  nitro- 
ethane,  nitrobenzene,  methyl  alcohol,  free  hydroxylamine,  and 
potassium  nitrate,  respectively,  were  included  in  the  tube  containing 
pure  iron  and  pure  water,  the  remainder  of  the  tube  being  full  of 
hydrogen.  In  order  to  prove  the  complete  absence  of  oxygen,  the 
hydrogen,  before  being  allowed  to  enter,  was  passed  through  a  mixture 
of  pure  iron  and  water  only,  contained  in  a  tube  which  was  after- 
wards sealed  up ;  since  no  rusting  took  place  in  this  tube,  the 
absence  of  oxygen  was  verified.  The  results  of  the  experiments  were 
as  follows.  In  the  case  of  potassium  ferricyanide,  the  liquid  assumed 
a  yellowish-green  colour,  whilst  the  surface  of  the  iron  became 
coated  with  a  blue  substance ;  after  a  time  the  action  ceased  and  no 
further  change  was  observed.  With  nitz'oethane,  ordinary  rust  was 
produced  on  the  iron  and  the  liquid  became  dark  in  colour.  In  the 
case  of  hydroxylamine,  oxidation  of  the  iron  occurred  and  bubbles  of 
gas  were  evolved.  In  another  experiment  in  which  the  iron  was 
exposed  to  the  action  of  hydroxylamine  and  water  in  a  vacuum,  the 
same  action  was  noticed.  With  potassium  nitrate  and  nitrobenzene, 
the  iron  remained  quite  bright. 

The  results  of  these  experiments  show  therefore  that  the  free 
oxygen  can  be  replaced  by  potassium  ferricyanide,  nitroethane,  or 
hydroxylamine,  and  that  under  these  conditions  rusting  of  iron  takes 
place  in  the  absence  of  free  oxygen. 

Experiments  were  also  made  in  which  pure  iron  and  oxygen  were 
left  in  contact  with  dry  ether  instead  of   water.      In  this  case  no 
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rusting  occurred.  It  is  therefore  concluded  from  the  results  of  all 
these  experiments  that  liquid  water  is  essential  for  the  rusting  of  iron, 
and  that  the  chemical  action  involved  is  the  reduction  of  the  water  by 
the  iron,  the  hydrogen  thus  formed  going  to  produce  hydrogen  peroxide, 
which,  reacting  with  ferrous  oxide  first  formed,  produces  the  form  of 
ferric  hydroxide  known  as  iron  rust. 

Fe  +  OH2  =  FeO  +  H^ ;  H,  +  0.,  =  H.O^ ; 
2FeO  +  H202  =  Fe2d2(OH)2. 


8,  The  Composition  of  Iron  Rust. 

The  composition  of  iron  rust  is  somewhat  variable  and  depends  on 
the  purity  of  the  iron  from  which  it  is  derived  and  on  the  conditions 
under  which  the  rusting  has  occurred.  It  contains  a  small  and 
variable  proportion  of  ferrous  iron,  and  is  usually  magnetic.  The 
analysis  of  a  number  of  specimens  of  rust  from  different  sources 
produced  under  different  conditions  and  dried  by  exposure  to  the  air 
gave  the  following  results  : 

I.   Rust  obtained  from  Commercial  Iron. 

A.  Rust  collecte'^  from  iron  apparatus  rusted  in  the  laboratory. 

Specimen  1.  Specimen  2.  Mean. 

(Ferrous 60-93  —  — 

Iron  <  Ferric   0-13  —  — 

(Total    61-06  60-78  60-92 

Hydrogen    1-01  1-03  1-02 

Oxygen    34-35  34-55  34-45 

Carbon  dioxide  0-15  0-18  0-17 

Ammonia    0-006  —  — 

Insoluble  matter    3-20  3  46  3-33 

B.  Eust  from  commercial  iron  exposed   to   the  action  of    air  and 

water. 

Calculated  for  Fe202(OH)2. 

Iron 60-31  62-8 

Hydrogen   1-26  1-3 

Oxygen    38-04  35-9 

C.  Rust  from  commercial  iron  exposed  to  the  action  of  moist  air. 
An    opportunity  presented  itself  of  examining  a  specimen  of  rust 

formed  from  iron  during  exposure  to  air  for  many  years.  The  specimen 
was  obtained  from  an  iron  railing  which  had  been  for  thirty  years  in 
an  exposed  position  on  the  sea  coast  within  twenty  yards  of  the  sea. 
On  analysis,  a  piece  of  the  entire  railing  furnished  the  following 
results  : 
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(Ferric  
Ferrous  . . 
Total    

Hydrogen   

Oxygen   

Insoluble  matter 


59 

25 

3 

25 

62 

50 

1 

17 

35 

70 

0 

60 

Calculated  for  Fe202(OH)5 


62-8 

1-3 

35-9 


It  thus  appears  that  this  natural  rust  contains  a  little  ferrous  oxide, 
and,  allowing  for  this,  its  composition  would  correspond  closely  with 
the  formula  FeoO.,{OH)2,  which,  on  the  whole,  expresses  the  usual  com- 
position of  iron  rust.  It  is  an  interesting  coincidence,  if  nothing 
more,  that  a  substance  of  this  formula  would  be  formed  by  the  union 
of  two  molecules  of  ferrous  oxide  with  one  of  hydrogen  peroxide. 

II.     Rust  obtained  in  Experiments  with  Highly  Fxirified  Iron. 

D.  Rust  from  pure  iron  exposed  to  the  action  of  air  and  water. 

E.  Rust  from  pure  iron  exposed  to  the  action  of  pure  air  and  5 
per  cent,  sodium  chloride  solution. 

F.  Rust  from  pui-e  iron  in  contict  with  pure  oxygen  and  pure 
water  (results  previously  quoted  on  page  155G). 


D. 

D. 

E. 

F. 

F. 

Average. 

Calculated  for 
FesOsCOH)^. 

61-39 

1-3 

37-31 

61-25 

1-26 

37-49 

61-2 

1-2 

.37-6 

6216 

1-4 
35-97 

62  2 

1-2 

.36-6 

61-64 

1-22 

36-99 

62-8 

Hydrogen.. 
Oxygen  .... 

1-3 
35-9 

It  will  be  noticed  that  the  entire  series  of  results  are  remarkably 
concordant  for  a  substance  produced  under  varying  conditions.  Exact 
agreement,  as  is  to  be  expected,  is  only  found  in  the  case  of  rust 
formed  under  the  same  conditions.  The  results  obtained  from  rust 
formed  by  pure  iron  in  pure  oxygen  and  water  agree  best  with  the 
formula  Fe202(OII).2,  whilst  those  obtained  from  rust  formed  by  the 
corrosion  of  impure  iron  in  air  are  not  far  removed  from  the  same 
composition. 


9.     The    Reaction    between    Iron    and     Water    at    High 
Temperatures. 

It  is  well  known  that  at  temperatures  above  100°  reaction  occurs 
between  iron  and  water  with  evolution  of  hydrogen  and  formation  of 
an  iron  oxide.  It  seemed  to  be  of  interest  to  ascertain  whether  the 
action  at  higher  temperatures  than  that  of  the  air  would  be  affected 
by  alkalis.     The  following  experiments  were  made. 
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Pieces  of  iron  were  placed  in  two  tubes,  one  of  which  contained 
water,  whilst  the  other  contained  an  aqueous  solution  of  sodium 
carbonate.  The  tubes  were  exhausted,  and  were  afterwards  sealed 
and  heated  at  150 — 200°  for  some  hours.  The  iron  was  much  corroded, 
and  on  opening  the  tubes  a  pressure  of  the  same  magnitude  was  found 
in  each  case,  a  large  amount  of  gas  having  been  produced. 

In  another  exj^eriment,  a  tube  containing  iron,  oxygen,  and  solution 
of  sodium  carbonate  was  heated  at  100°  for  three  hours.  The  metal 
was  coi'roded,  and  the  presence  of  hydrogen  was  proved. 

These  results  show  that  the  corrosion  of  iron  under  these  conditions 
proceeds  with  evolution  of  hydrogen  and  is  not  affected  by  the  pre- 
sence of  sodium  carbonate.  The  process  is  therefore  quite  distinct 
from  that  of  ordinary  "rusting." 

10.     The  Injltience  of  Carbon  Dioxide  on  Rusting. 

It  has  been  shown  already  that  the  statement  of  Grace  Calvert, 
Crum  Brown,  and  others,  that  iron  will  not  rust  in  the  absence  of 
carbon  dioxide  is  erroneous.  Since,  however,  there  is  no  doubt  that 
carbon  dioxide  does  take  part  in  the  ordinary  atmospheric  corrosion  of 
iron,  it  was  considered  desirable  to  ascertain  experimentally  its  precise 
influence. 

It  has  been  stated  by  Crum  Brown  [loc.  cit.)  that  carbonic  acid 
reacts  with  metallic  iron  with  evolution  of  hydrogen  and  formation  of 
ferrous  carbonate  or  bicarbonate,  but  the  recorded  experimental  evi- 
dence on  the  subject  is  unsatisfactory,  and  further  experiments  were 
therefore  made.  Pure  dry  hydrogen  was  passed  over  ferric  oxide 
heated  in  a  glass  tube,  and  the  reduced  iron  was  allowed  to  cool  in  an 
atmosphere  of  hydrogen.  The  hydrogen  was  then  replaced  by  carbon 
dioxide,  and  the  reduced  iron  was  quickly  transferred  to  thin  glass 
tubes,  which  were  afterwards  sealed.  One  of  the  tubes  containing 
reduced  iron  was  introduced  into  a  solution  of  carbon  dioxide  under 
pressure  contained  in  a  well-stoppered  bottle.  The  tube  was  broken 
by  shaking  the  bottle,  which  was  then  set  aside  for  several  weeks.  At 
the  end  of  this  time  the  gas  was  withdrawn  from  the  bottle,  and  on 
examination  was  found  to  consist  largely  of  hydrogen.  The  liquid 
contained  iron  dissolved  as  carbonate.  In  another  experiment,  the 
reduced  iron  was  left  in  contact  with  the  solution  of  carbon  dioxide 
for  a  year.  In  this  case,  the  remaining  gas  was  found  to  be  hydrogen 
nearly  free  from  carbon  dioxide,  which  had  gone  to  form  dissolved 
ferrous  carbonate. 

In  the  following  experiments,  pieces  of  pure  sheet  iron  were  placed 
in  tubes,  and  were  loft  for  several  months  in  ^contact  with  water  and 
mixtures  of  carbon  dioxide  and  oxygen.     The  method  adopted  for  fill- 
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ing  the  tubes  was  that  which  has  been  previously  described  (page  1553), 
The  results  show  that  the  carbonic  acid,  when  present  in  considerable 
quantity,  first  reacts  with  the  iron  in  the  presence  of  water  to  form 
a  soluble  bicarbonate,  which  is  then  oxidised  by  the  oxygen  present, 
and  is  precipitated  as  a  basic  hydroxide  containing  a  varying  amount 
of  carbonate.  The  results  obtained  are  described  in  the  following 
table : 


Gas  used  in  tube. 

(1)  Oxygen  with  a  small 
proportion  of  car- 
bon dioxide. 

(2)  Oxygen  :  carbon 

dioxide. 
4:1. 


(3)  Oxygen  :  carbon 

dioxide. 
3:2. 

(4)  Oxygen  and  carbon 
dioxide  in  equal 
volumes. 


(5)  Oxygen  :  carbon 

dioxide. 
2:3. 

(6)  Pure    carbon    di- 
oxide. 


Results. 

The  iron  rapidly  became  coated  with  a 
film,  and  the  liquid  became  turbid,  the  rust 
formed  having  the  appearance  of  ordinary 
rust. 

No  change  was  visible  at  first,  the  iron 
remaining  quite  bright,  but  after  four  days  a 
red,  flaky  substance  was  deposited  on  the  side 
of  the  tube  and  on  the  edge  of  the  metal 
nearest  the  surface  of  the  liquid.  This 
deposit  gradually  increased,  until  after  two 
years  there  was  a  large  amount  of  light  brown 
sediment  present  and  a  brown  film  on  the 
sides  of  the  tube.  The  iron  itself  was  pitted 
and  of  a  steel-grey  colour. 

A  red  deposit  was  formed  on  the  side 
of  the  tube,  and  in  four  months  a  consider- 
able quantity  of  rust  was  produced. 

The  iron  remained  bright  at  first,  but  later 
dark  brown  scales  were  deposited  on  the  sides 
of  the  tube  and  on  the  surface  of  the  liquid, 
the  iron  becoming  pitted  and  of  a  dark 
colour. 

Appearance  very  much  like  that  of  (4). 


The  surface  of  the  iron  was  pitted,  and  a 
white,  crystalline  deposit  formed  on  the  sides 
of  the  tube. 


The  rust  produced  in  experiment  (2),  after  drying  by  exposure  to  the 
air,  furnished  the  following  results  on  analysis  : 


{Ferrous . 
Ferric  , 
Total.... 


0 '7  per  cent.  Hydrogen    2"10  per  cent. 

55-17     ,,  Oxygen    40-50       ,, 

55-87     ,,  Carbon  dioxide  1-03       ,, 


It  is  evident  that  the  product  of  this  action  is  very  different  in 
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composition  from  that  formed  in  the  process  of  rusting  in  oxygen  or 
in  ordinary  air.  « 

These  results  lead  to  the  conclusion  that  carbonic  acid  plays  a  com- 
paratively unimportant  part  in  ordinary  atmospheric  rusting  of  iron, 
and  that  the  chemical  change  is  chiefly  concerned  with  the  interaction 
of  iron,  water,  and  oxygen.  If  this  interaction  cannot  occur  through 
the  presence  of  certain  salts,  carbonic  acid  produces  little  or  no  rust 
even  when  oxygen  is  present  in  considerable  quantity. 

Grace  Calvert's  Experiments. 

In  the  course  of  the  investigation  on  the  influence  of  carbon  dioxide  on 
rusting,  it  was  thought  desirable  to  repeat  certain  experiments  described 
by  Grace  Calvert  (loc.  cit.),  partly  referred  to  earlier  in  this  paper. 
In  these  experiments  water,  oxygen,  carbon  dioxide,  and  solutions  of 
certain  salts  \vex*e  used,  and  a  strip  of  pure  iron  was  half  immersed 
in  the  liquid,  whilst  the  other  half  was  in  contact  with  the  gas.  The 
following  results  were  obtained. 

(1)  In   Water  and  Pure  Oxygen. 

Portion  of  iron  in  water. — In  a  few  minutes  spots  appeared  which 
gradually  developed  into  ordinary  rust. 

Portion  of  iron  in  oxygen. — The  metal  remained  bright  at  first,  then 
became  dull  and  rusted  at  the  edges. 

Grace  Galvert  states  that  the  iron  in  the  water  rusts,  whilst  that  in 
contact  with  the  gas  does  not. 

(2)  In   Water  and  a  Mixture  of  Oxygen  and  Carbon  Dioxide. 

Iron  in  water. — In  a  few  minutes  a  green  substance  was  formed 
which  soon  became  red,  and  the  sides  of  the  tube  became  coated  with 
a  red  substance. 

Iron  in  gas. — The  metal  remained  bright  at  first,  but  afterwards 
became  rusted  in  places. 

Grace  Galvert  asserts  that  the  entire  surface  of  the  iron  inside  and 
outside  the  water  becomes  coated  with  rust. 

(3)  In  Air  and  a  5  ^^er  cent.  Solution  of  Sodium  Carbonate. 

Iron  in  liquid. — The  surface  remained  quite  bright. 
Iron  in  the  gas. — A  few  spots  of  rust  appeared  on  the  surface. 
Grace  Galvert  asserts  that  no  rusting  occurs  on  any  part  of  the  iron 
in  this  experiment. 

It  will  be  seen  that  these  results  are  not  in  agreement  with  those 
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obtained  by  Grace  Calvert,  They  coincide,  however,  with  those 
furnished  by  the  experiments  described  in  the  earlier  part  of  this 
paper.  The  action  produced  is  evidently  dependent  on  the  combined 
action  of  oxygen  and  liquid  water.  Carbonic  acid  contributes  to  the 
effect,  since  in  the  presence  of  carbonic  acid  and  oxygen  the  iron  is 
attacked,  an  oxycarbonate  of  iron  being  initially  formed.  The 
evidence  gained  from  the  analysis  of  different  specimens  of  ordinary 
rust  shows,  however,  that  any  oxycai-bonate  of  iron  formed  in  this 
way  during  rusting  subsequently  undergoes  gradual  decomposition, 
with  the  result  that  a  hydrated  ferric  oxide,  containing  only  a  trace 
of  carbonate,  ultimately  remains.  In  ordinary  circumstances,  the  pro- 
portion of  rust  due  to  this  reaction  must  be  necessarily  very  small 
owing  to  the  minute  proportion  of  carbon  dioxide  in  the  atmosphere. 

The  following  experiments  were  made  in  order  to  gain  some  idea 
of  the  extent  to  which  carbon  dioxide  accelerates  the  process  of 
rusting. 

Pieces  of  clean  purified  iron  were  submitted  to  the  action  of  water, 
carbon  dioxide,  and  air,  the  same  conditions  being  observed  in  each 
case. 

A  saturated  solution  of  carbon  dioxide  was  prepared  by  passing  a 
current  of  the  gas,  generated  by  the  action  of  hydrochloric  acid  on 
marble,  through  freshly-boiled,  distilled  water.  The  carbon  dioxide 
was  purified  by  leading  it  through  a  wash-bottle  containing  sodium 
hydrogen  carbonate.  The  carbonic  acid  solution  was  proved  to  be 
free  from  hydrochloric  acid  by  testing  it  with  silver  nitrate.  It  con- 
tained about  its  own  volume  of  carbon  dioxide  in  solution. 

Foui'  flasks  {A,  B,  C,  and  jD)  of  one  litre  capacity  were  taken  and 
provided  with  well-fitting  corks. 

A.  One  hundred  c.c.  of  the  carbon  dioxide  solution  were  put  into 
the  flask  and  a  current  of  the  gas  was  passed  in.  While  the  flask  was 
still  full  of  carbon  dioxide,  three  pieces  of  clean  sheet  iron  (each  about 
3  cm.  X  2  cm.  in  size)  were  dropped  in,  and  the  cork  was  quickly 
inserted. 

£.  In  this  flask  were  placed  50  c.c.  of  the  carbon  dioxide  solution, 
50  c.c.  of  well-boiled,  distilled  water,  and  three  pieces  of  iron  of  the 
same  size  as  those  used  in  the  preceding  experiment,  the  remainder  of 
the  flask  being  filled  with  air. 

C.  In  this  flask  were  placed  10  c.c.  of  the  carbon  dioxide  solution, 
90  c,c.  of  air-free  water,  three  pieces  of  iron  of  the  same  size  as  before, 
the  remainder  of  the  flask  being  filled  with  air. 

I).  In  this  flask  were  placed  100  c.c.  of  air-free  water  and  thi-ee 
pieces  of  iron,  the  reujaining  space  being  fiiled  with  aii\ 
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Besults. 

In  the  course  of  10  or  15  minutes  after  the  experiments  had  been 
started,  the  surface  of  the  metal  in  flask  A  was  thickly  coated  with 
bubbles.  In  flask  B  the  surface  was  covered  with  bubbles  of  a  smaller 
size,  whilst  in  C  the  bubbles  were  extremely  small.  In  flask  D  no 
bubbles  were  visible. 

After  19  hours,  the  solution  in  flask  A  was  clear  and  colourless,  and 
the  surface  of  the  metal  was  thickly  coated  with  bubbles.  In  B, 
the  solution  was  faintly  yellow  and  opalescent ;  a  trace  of  rust  appeared 
on  the  surface  of  the  iron,  which  was  coated  with  bubbles.  The  liquid 
in  C  was  pale  yellow  in  colour,  and  a  small  amount  of  reddish-brown 
rust  was  suspended  in  it ;  a  little  rust  (more  than  in  the  case  of  £) 
and  numerous  small  bubbles  appeared  on  the  surface  of  the  metal. 
In  flask  B,  the  metal  was  thickly  coated  with  rust  of  the  usual 
appearance. 

Although  it  has  been  found  that  quantitative  experiments  on  these 
lines  cannot  be  made  with  absolutely  accuracy,  it  was  thought  worth 
while  to  determine  the  amount  of  iron  attacked  in  each  case,  the  rust 
being  carefully  brushed  from  the  surface  of  the  metal  and  washed  into 
the  liquid  in  the  flask.  Sulphuric  acid  was  added  to  the  liquid,  and 
the  reduction  of  the  iron  to  the  ferrous  state  was  effected  by  means  of 
zinc.  The  solution  was  afterwards  titrated  with  iV^lO  potassium 
permanganate.     The  following  results  were  obtained  : 

Flask.  A.  B.  C.  D. 

Amount  of  h'on  attacked,  in  grams     0-005        0-004        0-0022        0-0012 

These  results  show  that  a  solution  of  carbonic  acid  in  the  absence  of 
oxygen  [A)  is  able  to  dissolve  metallic  iron,  even  when  the  metal  is 
not  in  a  finely-divided  condition,  the  iron  remaining  in  solution  as 
carbonate ;  the  action  is,  however,  very  slow,  and  even  in  the  presence 
of  water  saturated  and  surrounded  with  an  atmosphere  of  carbon 
dioxide  the  amount  of  iron  dissolved  is  very  small.  In  the  presence 
of  air  and  about  half  the  quantity  of  carbonic  acid  (B),  the 
action  is  about  the  same  (actually  rather  smaller  in  this  experiment), 
but  some  of  the  iron  attacked  appears  as  rust.  In  the  presence  of  more 
air  and  less  carbonic  acid  (C),  the  action  is  considerably  reduced, 
although  the  amount  of  rust  formed  is  greater  than  when  the  air 
contains  only  the  usual  proportion  of  carbon  dioxide  (/)). 

Since  it  has  been  shown  that  rusting  proceeds  rapidly  in  the  entire 
absence  of  carbon  dioxide,  it  is  evident  from  these  experiments  that 
the  minute  quantity  of  carbon  dioxide  in  the  air  can  play  only  a  small 
and  subordinate  part  in  the  ordinary  rusting  of  iron. 
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Three  notes  on  the  corrosion  of  iron  and  zinc  have  been  recently 
published  by  Moody  (Proc,  1903,  19,  157,  239,  273),  in  which  he 
reverts  to  the  old  theory  that  the  "  rusting  "  of  these  metals  is  due 
entirely  to  the  action  of  carbonic  acid.  This  hypothesis  has  been 
proved  by  the  results  of  the  present  investigation  to  be  quite  unten- 
able, since  it  has  been  shown  that  rusting  can  take  place  in  the  absence 
of  carbonic  acid. 

The  retarding  influence  of  certain  substances  on  the  production  of 
rust  is  considered  by  Moody  to  be  wholly  due  to  the  influence  which 
they  exert  on  the  absorption  of  carbon  dioxide.  It  is  stated  that 
although  iron  when  immersed  in  1  per  cent,  solution  of  chromium 
trioxide  remains  bright  for  some  weeks,  yet,  nevertheless,  the  metal  is 
slowly  being  dissolved  and  that  eventually  its  surface  becomes  coated 
with  rust.  The  result  is  quite  contrary  to  the  experience  of  the 
present  authors,  who  have  in  their  possession  a  specimen  of  iron  which 
has  been  in  contact  with  a  solution  of  pure  chromic  acid  for  nearly  ten 
years  and  still  remains  quite  bright.  Aqueous  potassium  dichromate 
similarly  inhibits  the  rusting  of  iron. 

It  has  been  pointed  out  by  Moody  that  distilled  hydrogen  peroxide 
is  without  action  on  iron.  It  appears,  however,  that  this  is  merely  an 
example  of  a  reaction  which  is  hindered  by  the  employment  of  very 
pure  materials,  for  if  a  small  quantity  of  sodium  chloride  is  added  to 
the  solution,  the  iron  is  rapidly  attacked  and  a  red,  flocculent  rust  is 
produced,  as  is  the  case  when  ordinary  aqueous  hydrogen  peroxide  is 
used.  The  account  given  by  Giorgis  (Gazzetta,  1891,  21,  510)  of  the 
action  of  hydrogen  peroxide  on  magnesium  in  the  absence  of  carbon 
dioxide  appears  to  have  been  misread  by  Moody.  The  results  described 
by  Giorgis  indicate  that  hydrogen  peroxide  attacks  magnesium  in  the 
absence  of  carbon  dioxide. 


11.  Formation  of  Rust  by  Electrolytic  Action. 

When  iron  is  impure,  as  is  always  the  case  with  commercial 
specimens,  or  when  another  metal  is  present,  electrolytic  action  is 
liable  to  take  place.  It  is  also  known  that  iron  and  iron-rust  can  act 
as  a  voltaic  couple.  It  therefore  seemed  desirable  to  ascertain  the 
influence  of  this  electrolytic  action  on  the  ordinary  process  of  rusting, 
and  a  series  of  experiments  was  made  to  determine  the  nature  of  the 
action  and  the  effect  of  saline  solutions  on  it. 

In  the  first  place  it  was  proved  that  solutions  of  sodium  carbonate 
and  potassium  dichromate  do  not  affect  the  electrolytic  decomposition 
of  water  by  a  zinc-copper  couple.  The  experiments  were  conducted  as 
follows.  Three  tubes  were  taken  containing  water,  a  solution  of 
sodium  carbonate,  and  a  solution  of  potassium  dichromate  respectively. 
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To  each  tube  a  manometer  was  attached  (Figure  4).  Zinc-copper  couple 
(the  same  weight  in  each  case)  was  added  to  the  liquid  in  the  tube. 
In  each  instance,  an  internal  pressure  was  set  up  due  to  the  evolution 
oi  a  gas,  probably  hydrogen,  and  the  reaction  proceeded  in  the  same 
way. 

Two  general  cases  were  now  studied,  in  one  of  which  iron  acted  as 
the  electro-positive,  and  in  the  other  as  the  electro-negative,  element. 
The  couples  were  prepared  by  wrapping  a  strip  of  the  second  metal 
round  the  iron  (Figure  5).  Experiments  were  carried  out  with  several 
couples  but  the  best  results  were  obtained  with  the  zinc-iron  couple 
and  the  iron-platinum  couple.  Confirmatory  results  were  obtained 
with  other  couples. 

The  zinc-iron  couples  were  immersed  in  solutions  of  sodium  carbonate, 
sodium  hydrogen  carbonate,  borax,  potassium  chromate,  potassium  di- 


FiG.  4. 


Fig.  5. 


chromate,  chromic  acid,  and  potassium  ferrocyanide.  In  each  case  the 
zinc  (the  electro-positive  element)  was  oxidised,  especially  on  the  under 
surface,  whei'e  it  was  in  contact  with  the  iron,  whilst  the  iron  remained 
bright. 

Since  it  has  been  proved  that  the  solutions  employed  inhibit  the 
ordinary  corrosion  of  zinc,  it  follows  that  the  reaction  is  one  of 
electrolytic  decomposition  of  water  involving  oxidation  of  the  positive 
element  and  evolution  of  hydrogen. 

The  iron -platinum  couples  were  placed  in  solutions  of  the  seven 
substances  just  enumerated.  In  every  instance,  the  iron  became 
rusted  only  where  it  was  in  contact  with  the  platinum,  the  other  part 
remaining  unoxidised.  Here  again  the  results  are  in  conformity  with 
the  view  that  the  observed  change  is  due  to  an  electrolytic  process,  the 
positive  element  (iron)  being  attacked  by  the  cation  (oxygen),  whilst 
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the  hydrogen  is  evolved  from  the  negative  element  (platiuum),  the 
presence  of  the  salts  preventing  the  ordinary  corrosion  of  the  iron  by 
dissolved  oxygen. 

It  is  well  known  that  the  rusting  of  iron  is  partially  prevented  by 
contact  with  zinc,  and,  in  view  of  the  results  of  the  experiments  just 
described,  it  seems  probable  that  any  iron  rust  formed  by  atmospheric 
corrosion  is  reduced  by  the  hydrogen  evolved  in  the  electrolytic 
decomposition  of  water  by  the  zinc-iron  couple.  This  conclusion  is 
confirmed  by  the  following  experiments  : 

1.  A  zinc-iron  couple  was  placed  in  a  tube  with  a  pressure-gauge 
attached  as  already  described  and  in  contact  with  air  and  pure  water. 
No  gas  was  evolved,  the  zinc  became  oxidised,  but  the  iron  remained 
quite  bright. 

2.  A  piece  of  iron,  rusty  on  one  side  and  bright  on  the  other,  was 


'ipump 


wrapped  round  with  zinc  foil  and  placed  in  a  tube  of  water.  The  tube 
was  rendered  vacuous  and  then  sealed.  A  few  bubbles  of  gas  were 
evolved,  the  zinc  became  much  oxidised,  and  the  rust  on  the  iron  slowly 
disappeared. 

3.  Water  was  submitted  to  electrolysis,  platinum  being  used  as  the 
cathode  and  a  zinc-iron  couple  as  the  anode.  Hydrogen  was  evolved 
at  the  platinum  electrode,  whilst  zinc  oxide  with  only  a  trace  of  iron 
oxide  was  produced  at  the  anode. 

These  experiments  show  (hat  the  protection  of  iron  by  zinc  is  due  to 
the  liberation  of  hydrogen  whicl\  lends  to  reduce  any  oxide  of  iron 
formed  by  ordinary  atmospheric  oxidation. 

It  now  became  of  interest  to  ascertain  whether  this  electrolytic 
process  proceeds  in  the  ordinary  "  rusting  "  of  pure  iron  and,  if  so,  to 
determine  its  extent  by  estimating  the  amount  of  hydrogen  evolved. 
The  experiment  was  conducted  in  the  following  manner.     A  quantity 

VOL.   LXXXVII.  5   M 


1574      ROBERTSON:   STUDIES   IN   COMPARATIVE   CRYOSCOPY. 

of  pure  iron,  weighing  26  grams,  and  260  c.c.  of  water  saturated  with 
oxygen  were  introduced  into  a  small  Woulff's  bottle,  A  (Figure  6). 
This  vessel  was  connected  with  a  larger  bottle,  B,  which  was  filled  with 
water  and  attached  to  an  air-pump  by  the  tube  E.  The  gas  in 
bottle  A  was  drawn  off  from  time  to  time  into  bottle  I>,  and  a  further 
supply  of  air  was  admitted  through  tap  D.  When  0*3  gram  of  rust 
had  been  formed,  the  whole  of  the  gas  was  transferred  to  B  and 
examined  for  the  presence  of  hydrogen  by  leading  it  through  a 
capillary  tube  containing  heated  platinised  asbestos.  The  volume  of  the 
gas  was  measured  both  before  and  after  this  operation.  No  diminution 
in  volume  occurred  and  hence  no  hydrogen  was  present. 

It  is  therefore  proved  that  in  the  ordinary  atmospheric  rusting  of 
pure  iron  electrolytic  action  does  not  occur,  and  that  no  hydrogen  is 
set  fi^ee  in  the  pi-ocess. 

We  consider  that  the  results  of  this  investigation  prove  conclusively 
that  iron,  oxygen,  and  liquid  water  are  alone  necessary  for  the  rusting 
of  iron  to  take  place.  Under  atmospheric  conditions,  carbon  dioxide 
plays  a  quite  subordinate  part  in  the  process.  One  of  the  simplest 
representations  of  the  chemical  action  between  iron,  oxygen,  and  liquid 
water  presupposes  the  intermediate  formation  of  hydrogen  peroxide. 
Although  the  actual  production  of  this  substance  has  not  been 
demonstrated,  a  considerable  body  of  experimental  evidence  has  been 
obtained  in  favour  of  its  temporary  formation.  We  have  also  shown 
that  the  conditions  of  the  spontaneous  oxidation  of  iron  known  as 
rusting  present  peculiarities  which  are  not  shared  by  other  processes 
in  which  iron  undergoes  oxidation  with  formation  of  a  ferric  hydroxide. 

Scientific  Department, 
Impeiual  Institute. 


CLIV. — Studies  in   Comparative  Crijoscopij.     Part  III. 

The  Esters  in  Phenol  Solution. 

By  Philip  Wilfred  Robertson,  Rhodes  Scholar. 

Although  it  is  usual  for  the  molecular  depressions  of  compounds  to 
decrease  with  the  concentration  of  the  solution,  in  a  few  instances  the 
reverse  has  been  found  to  be  the  case.  Thus  the  molecular  depression 
of  sugar  in  water  increases  rapidly  from  the  normal  value  as  the  solu- 
tion becomes  more  concentrated.  Paternu  has  also  shown  that  in  this 
x'espect  phenolic  solutions  of  certain  compounds  resemble  aqueous 
sugar  solutions. 
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In  making  a  comparative  study  of  the  esters  in  phenolic  solution,  it 
is  now  found  that  they  exhibit  the  same  phenomenon,  and,  moreover, 
in  the  case  of  the  esters  derived  from  monobasic  acids,  there  is  an 
initial  association,  that  is,  the  molecular  depression  decreases  to  a 
minimum,  and  then  rises  again  as  the  solution  becomes  more  concen- 
trated. When  the  "  rate  "  of  decrease  of  molecular  depression  becomes 
great,  this  minimum  is  not  exhibited.  Representing  these  results 
graphically,  it  is  found  that,  whereas  the  acids  and  hydrocarbons  give 

Fig.  1. 


100 


Fall  in  freezing  point. 


a  curve  I  (Fig.  1),  that  formed  by  the  esters  in  phenolic  solution  is 
of  the  type  II  or  III. 

To  illustrate  exactly  the  nature  of  the  results  obtained,  the  data 
are  given  in  detail  for  two  typical  instances  : 


\soButyl  i^oButyrate. 

Ethyl 

Pentanetetracarbc 

xylute. 

Weight 

Weight 

Mole- 

Weight 

Weight 

Mole- 

of 

of 

cular  de- 

of 

of 

cular  de 

phenol. 

ester. 

AT. 

pression. 

phenol. 

ester.              AT. 

pression 

9-2 

0-1070 

0-70 

86 

11-3 

0-1806              0-42 

94 

0-1014 

0-66 

85 

0-1754             0-46 

107 

0-1068 

0-67 

83 

0-1650             0-47 

116 

0-1564 

1-02 

86-5 

0-1696             0-50 

119 

0-1312 

0-87 

88 

0-1674             0-51 

123 

0-1040 

0-69 

88 

0-1668             0-52 

126 

0-1124 

0-76 

89-5 

In  the  case  of  isobutyl  tsobutyrate,  there  is  an  initial  association. 
After  a  fall  of  (0-70 -I- 0-66 -f  0-34)  =  1-70,  the  molecular  depression 
reaches  a  minimum  at  83,  and  then  its  value  increases  as  the  solution 
becomes  more  concentrated.  The  "rate"  of  association  (^4)  is  -8. 
Ethyl  pentanetetracarboxylate,  on  the  other  hand,  has  a  high  initial 
molecular  depression ;    it   exhibits    no   minimum  and   the    molecular 
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depression  increases  rapidly.  The  experimental  results  are  given  in 
Table  I. 

A)  represents  the  molecular  depression  for  a  fall  of  i°. 

Aj  represents  the  molecular  depression  for  a  fall  of  1°. 

A  is  the  initial  "rate"  of  association  and  is  positive. 

A??i  is  the  minimum  value  of  the  molecular  depression. 

(IT  is  the  depression  in  freezing  point  when  the  minimum  is  reached. 

(.4)  is  the  "  rate"  of  association  when  it  is  negative. 

An  especially  characteristic  feature  of  the  esters  is  their  high  initial 
molecular  depression,  the  mean  value  of  which  for  thirty-three  com- 
pounds amounts  to  84,  whereas  the  "  constant "  calculated  by  van't 
Hoff' s  equation  is  74.  For  no  less  than  seven  compounds  is  the  result 
90  or  greater,  and  in  two  cases  (ethyl  hexoate  and  ethyl  pentane- 
tetracarboxylate)  the  molecular  depression  is  as  large  as  98  and  96, 
In  all  these  instances  there  is  a  high  negative  "  rate  "  of  association. 

For  the  monobasic  esters,  (A)  varies  from  -1  to  —18;  the  mean 
value  for  six  dibasic  esters  is  -  24  ;  and  the  result  obtained  for  one 
tetrabasic  ester  that  was  examined  is  —  31.  Hence  it  is  evident  that  in- 
crease in  the  basicity  of  an  ester  liaises  the  negative  "rate  of  association." 

The  depression  of  freezing  point  at  which  the  minimum  is  reached 
(dT)  varies  between  0°  and  3°,  except  for  such  comjDOunds  as  ethyl 
palmitate  or  cetyl  acetate,  which  have  a  long  hydrocarbon  chain.  In 
this  case,  dT  increases  with  the  number  of  carbon  atoms.  These  com- 
pounds are  also  characterised  by  the  fact  that  they  associate  rapidly 
before  the  minimum  is  i-eached,  and,  further,  the  greater  the  associa- 
tion the  larger  dl'  becomes. 

The  different  esters  will  be  considered  under  the  following 
divisions  :  (1)  the  ethyl  esters  of  the  fatty  acids,  (2)  the  alkyl  ace- 
tates, (3)  the  methyl  esters  and  the  alkyl  foi  mates,  (4)  isomeric  esters, 
(5)  esters  with  long  hydrocarbon  chains,  (6)  the  esters  of  the  poly- 
basic  acids. 

1.   The  Ethyl  Esters  of  the  Fatty  Acids. 

As  in  the  case  of  the  fatty  acids,  the  odd  and  even  members  differ 
in  their  behaviour.  If  the  compounds  with  an  even  number  of 
carbon  atoms  are  considered,  the  value  of  A.i^  increases  to  a  maximum 
at  ethyl  hexoate,  falls  to  a  minimum  when  the  carbon  chain  becomes 
increased  by  six  atoms,  reaches  a  second  maximum  at  ethyl  palmitate, 
and  then  begins  once  more  to  decrease.  This  behaviour  is  represented 
graphically  in  Fig.  3.  The  value  of  dT,  on  the  other  hand,  increases 
regularly  from  ethyl  butyrate  {dT  =  \-0°)  until  it  becomes  greater  than 
3 '5°  (ethyl  palmitate).  Corresponding  with  the  high  initial  molecular 
depression,  the  negative  "rate"  of  association  also  increases,  being 
gieatest  for  ethyl  hexoate. 
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The  odd  members  have  initial  molecular  depressions  which  gradually 
increase.  From  ethyl  heptoate  to  ethyl  undecylate,  dT  decreases, 
and  the  negative  "  rate  "  of  association,  which  is  extremely  small  for 
these  compounds,  increases  as  Aj  becomes  greater.  Thus,  an  increase 
in  the  length  of  the  carbon  chain  does  not  cause  the  value  of  dT  to 
become  greater,  as  was  observed  for  the  even  members.  Nevertheless, 
the  initial  association  is  extremely  rapid.  Ethyl  undecylate  and  ethyl 
laurate  form  a  good  illustration  of  the  extent  to  which  the  properties 
of  two  contiguous  members  of  a  homologous  series  can  differ. 

Table  I. 

Ester.  A^.  A^.  A.  A,„.  dT.  {A). 

1.  Ethyl  acetate    75  74  —  73  1-5  -4 

2.  ,,      propionate  75  75  — ■  74  O'S  -13 

3.  ,,      butyrate 79  77  —  76  I'O  -12 

4        ,,      hexoate   98  94  —  83  2-0  -17 

5.  ,,     heptoate 83  76  —  72  17  ~1 

6.  ,,      nonylate 85  80  —  73  1-5  -2 

7.  ,,      decoate    81  79  —  —  —  — 

8.  ,,      undecylate 89  86  —  79  07  -4 

9.  ,,      laurate 79  77  16  70  2-6  -13 

10.  ,,      myristate     81  78  24  64  3-0  — 

11.  ,,      palmitate    88  83  38  —  —  — 

12.  ,,     stearate    82  76  52  —  —  — 

13.  Propyl     acetate 81  79  —  76  I'O  -9 

14.  isoButvl     ,,       82  80  —  76  1-3  -8 

15.  fjoAmyl     „        90  89  —  85  1-9  -18 

16.  Octyl"        ,,       82  79  25  6S  2-9  -12 

17.  Cetyl         ,,       81  78  34  —  —  — 

18.  Phenyl       , 79  78  —  77  1-2  -8 

19.  Propyl  formate 84  82  19  73  26  -12 

20.  woAmyl      „       78  77  6  76  22  -3 

21.  Methyl  butyrate 82  81  17  72  3  0  — 

22.  ,,       isobutyrate  78  78  5  76  2-5  -14 

23.  woButyl  isobutyrate 87  86  —  83  17  -8 

24.  Propyl  propionate 80  79  —  77  I'O  -13 

25.  Ethyl  benzoate 77  76  —  75  16  -17 

26.  Ethyl  oxalate     78  83  —  —  O'O  -20 

27.  ,,      malonate 90  87  —  81  10  -22 

28.  ,,      succinate 86  87  —  —  00  -27 

29.  „      sebacate  90  93  —  —  0-0  -27 

30.  Propyl  succinate    85  83  —  81  O'S  -26 

31.  Ethyl  ethylraalonate    ...     92  90  —  88  10  -20 

32.  ,,      tricarballylate     ...     91  95  —  —  O'O  -27 

33.  ,,      pentanetetracarb- 

oxylate 96  101  —  —  0-0  -31 

The  molecular  depression  curves  for  a  number  of  esters  are  depicted 
in  Figure  2. 
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2.   The  Alkyl  Acetates. 

The  initial  molecular  depressions  and  values  of  [A)  are  fairly  con- 
stant except  in  the  case  of  (1)  ethyl  acetate,  which  has  a  small  initial 
association  and  a  small  value  for  {A)  ;  (2)  isoamyl  acetate,  which  has 
a  high  initial  association  and  a  large  negative  "  rate"  of  association. 


1°  2°  3° 

Deiiression  of  freezing  point. 


From  propyl  acetate,  dT  increases  as  the  chain  of  carbons  incr 
until  cetyl  acetate,  in  which  compound  dTis,  greater  than  4°. 


3.   The  Methyl   Esters  mid  the  Alkyl   Formates. 

These  compounds  are  characterised  by  the  fact  that  their  initial 
association  continues  for  several  degrees,  and  in  two  cases  it  becomes 
considerable.  This  corresponds  with  the  fact  that  esters  of  this  nature 
differ  from  the  others  in  that  they  in  general  have  high  melting  and 
boiling  points,  and  possess  other  properties  which  can  only  be  ex- 
plained by  assuming  that  they  are  associated  in  the  liquid  state. 
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Methyl  butyrate  associates  as  rapidly  as  butyric  acid  itself,  and,  just 
as  zsobutyric  acid  has  a  much  smaller  "rate"  of  association,  methyl 
tsobutyrate  associates  only  to  a  slight  extent.  From  this  it  appears 
that  the  initial  association  of  the  esters  of  low  molecular  weight  is 
due  to  the  same  cause  as  the  association  of  the  fatty  acids. 

4.  Isomeric  Esters. 

As  is  to  be  expected  from  the  preceding  results,  isomeric  esters 
generally  behave  in  quite  a  different  manner,  the  differences  being 
greater  in  the  case  of  the  methyl  esters  and  alkyl  formates.  When 
the  isomerides  are  of  high  molecular  weight,  for  example,  ethyl  pal- 
mitate  and  cetyl  acetate,  these  differences  tend  to  disappear,  for  in 
such  cases  the  phenomena  of  association  are  largely  due  to  the  influ- 
ence of  the  length  of  the  chain  of  carbon  atoms. 

5.  Esters  loith  Long  Hydrocarbon  Chains. 

A  long  hydrocarbon  chain  always  causes  an  increase  in  the  "rate" 
of  association,  just  as  was  observed  in  the  case  of  the  fatty  acids. 
That  the  association  is  due  chiefly  to  the  hydrocarbon  portion  of  the 
molecule  is  probable  from  the  fact  that  in  the  following  three  different 
compounds,  which  all  have  a  chain  of  sixteen  carbon  atoms,  the  value 
of  A  is  almost  the  same  : 


Cetyl  alcohol. 

C\oH33-OH, 

^  =  33. 

Cetyl  acetate, 

C,,H33.0-CO-CH3, 

^=34. 

Ethyl  palmitate, 

CisHgiO-O'CoH., 

A  =  38. 

6,   I'he  Esters  of  the  Polyhasic  Acids. 

All  these  compounds  have  a  negative  "  rate  "  of  association  larger 
than  that  of  the  monobasic  esters,  and  there  is  no  tendency  to  form  a 
minimum  in  the  molecular  depi-ession  curve.  This  is  the  case  for 
the  four  esters  which  have  a  negative  "  rate  "  of  association  exceeding 
-  25.  When  the  minimum  is  shown,  it  occurs  at  a  low  concentration, 
that  is,  when  dT  is  not  gi-eat. 

An  especially  characteristic  feature  of  these  esters  is  the  fact  that 
the  initial  molecular  depression  is  extremely  high,  the  mean  value  for 
a  depression  of  0*5°  in  the  case  of  eight  compounds  being  88 "S" 
Even  at  a  smaller  concentration,  the  value  of  the  "  constant"  is  not 
much  less  than  this.  Thus,  at  a  concentration  of  1  gram-molecule  in 
40,000  grams  of  phenol,  that  is,  in  a  solution  containing  1  molecule 
of  dissolved  substance  in  500  molecules  of  solvent,  the  mean  value  of 
the  molecular  depression  amounts  to  85,  whereas  the  value  calculated 
from  van't  Hoff's  equation  is  74.  From  these  results,  it  must  be  concluded 
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that  phenol  does  not  obey  van't  Hofi's  law  of  solutions,  as  it  does 
not  give  a  moleculai^  depression  agreeing  with  the  general  equa- 
tion 0-02  TY^n. 

Otlier  Phenols  as  Solvents. 

The  peculiar  behaviour  of  the  esters  is  evidently  due  to  the  phenol 
itself  as  these  compounds  are  normal  in  most  other  solvents.  In  order 
to  obtain  a  better  understanding  of  the  phenomena,  four  substituted 
phenols  were  chosen  :  (1)  with  nearly  the  same  melting  point,  (2)  with 
molecular  dejiressions  in  the  neighbourhood  of  70. 

Phenol.  m.  p.  A. 

Phenol       40°  74 

o-Cresol      31  65 

Thymol      44  74 

Guaiacol    29  69 

o-Nitrophenol   45  73 

Ethyl  malonate,  amyl  acetate,  and  propionic  acid  were  examined 
in  these  solvents  with  the  results  tabulated  below.  For  the  sake  of 
comparison,  the  corresponding  data  obtained  for  phenol  are  also  added. 

Table  11. 

Solvent.                    Solute.  Aj.  clT.  {A).  A. 

[Ethyl  malonate 87  I'O"  -22              — 

Phenol  I  jsoAmyl  acetate 89  1-9  -18  — 

( Propionic  acid    71  —  —  +13 

(Ethyl  malonate 69  1-5  -12  — 

woAmyl  acetate 71  I"!  -7  — 

Propionic  acid    65  —  —  +16 

r  Ethyl  malonate 78  —  0  — 

Thymol    -!  ?sc;Amyl  acetate 76  —  -2  — 

1^ Propionic  acid    70  —  —  +31 


Gnaiacol 


/  Ethyl  malonate 72  —  —  +8 

\  isoAmyl  acetate 72  —  —  ±0 


r  Ethyl  malonate 71  —  —  +11 

o-Nitrophenol ...-{  Amyl  acetate 1f>  —  —  +2 

(^ Propionic  acid    71  —  —  +40 

Fj'om  this  it  is  seen  that  of  the  substituted  phenols  only  cresol 
behaves  similarly  to  phenol  in  that  the  molecular  depression  curve  for 
the  esters  shows  a  minimum.  In  the  other  solvents,  however,  these 
compounds  are  almost  normal  or  associate  slightly.  The  value  of  A 
for  propionic  acid  is  slightly  greater  in  the  case  of  cresol,  but  consider- 
ably higher  for  thymol  and  o-nitrophenol. 

Phenol  is  considerably  associated  in  the  liquid  condition,  the  value 
of  the   association    factor   found    from    surface   tension   experiments 
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being  1-42  at  46°.  Thymol,  guaiacol,  and  o-nitrophenol,  on  the  other 
hand,  are  in  all  probability  associated  to  only  a  slight  extent.  The 
explanation  is  now  put  forward  that  the  negative  value  of  A  in  the 
case  of  the  esters  in  phenol  solution  is  directly  due  to  the  association 
of  the  solvent.  Little  is  known  with  regard  to  the  molecular 
aggregation  of  compounds  in  the  solid  state,  but  quite  recently  Vaubel 


Fig.  3. 
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(Abstr.,  1904,  ii,  606)  has  proposed  to  determine  the  association  factor 
by  dividing  the  molecular  depression  due  to  one  gram-molecule  of 
solvent  by  17'2.  Doing  this  with  the  compounds  under  consideration, 
it  is  found  that  the  association  factor  of  phenol  is  considerably  greater 
than  that  of  its  substituted  derivative.?,  as  shown  in  the  following 
table. 
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Table  III. 

o-Niti'o- 

Pheiiol.  o-Cresol.  Thymol.  Guaiacol.  phenol. 

Association  fector  (Vaubel) 4-6  3-9  S-f.  3-5  3-1 

^.   jsoAmyl  acetate  -18  -7  -2  ±0  +2 

A.  Ethyl  malonate  -22  -12  -3  +8         +11 

^.   Propionic  acid +13         +16         +31  —  +40 

Aj  (mean  value  for  esters)    88  70  77  72  73 

A  (mean  value  for  all  compounds)        74  65  74  69  73 

(Aj-A)    14  5  3  3  0 

This  table  shows  at  a  glance  that  there  appears  to  be  an  intimate 
connection  between  the  association  of  the  solvent,  the  high  negative 
"  rate "  of  association  of  the  esters,  and  the  wide  variation  of  the 
initial  molecular  depression  (Aj — A)  for  different  compounds. 

Theoretical   Discussion. 

According  to  Vaubel's  hypothesis  {loc.  cii.)  a  compound  dissolving 
in  phenol  enters  into  reaction  with  the  complex  (C,.H-*0H)5,  forming 
(CeH5-0H)^M  and  setting  CfiHg-OH  free.  The  depression  of  the 
freezing  point  of  the  solution  is  due  to  the  molecule  dissolved  as  well 
as  the  phenol  molecule  set  at  liberty.  From  this  it  appears  that  for 
every  molecule  of  solute  five  molecules  of  phenol  are  removed.  This 
diminution  in  the  number  of  molecules  of  phenol  acting  as  solvent 
would  tend  to  cause  the  molecular  depression  to  increase  with  the 
concentration.  On  the  assumption  that  the  association  factor  for  phenol 
is  5,  it  is  possible  to  calculate  the  "  rate  "  of  increase  of  the  molecular 
depression,  that  is,  to  determine  the  value  of  (A)  if  the  dissolved  sub- 
stance itself  does  not  associate.  The  result  obtained  in  this  manner  is 
{A)=  -33.  Considering  that  in  no  instance  is  (A)  more 
than  -31,  the  experimental  resvilts  appear  to  justify  the  accept- 
ance of  the  above  explanation  as  a  suitable  working  hypothesis. 
This  also  explains  the  fact  that  the  esters  tend  to  have  a  smaller 
negative  "  rate  "  of  association,  and  acids  associate  more  rapidly  as  the 
association  factor  of  the  solvent  diminishes. 

The  Molecular  Dejiression  Curve  as  a  Resultant. — It  thus  appears  that 
the  molecular  depression  curve  for  the  esters  and  acids  in  phenol  solu- 
tion is  the  resultant  of  (1)  a  positive  curve  due  to  association;  (2)  a 
negative  curve  of  constant  value.     {A)=    -  33. 

When  both  these  curves  are  straight  lines,  the  resultant  {R)  will  also 
be  a  straight  line,  positive  in  the  case  of  the  acids  (Fig.  4)  and 
negative  for  the  esters  (Nos.  26,  28,  29,  32,  33,  Table  I)  as  shown  in 
Fig.  5. 
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With  compounds  of  high  molecular  weight,  the  value  of  A  tends  to 
decrease  with  the  concentration,  so  that  the  association  curve  becomes 
flattened  (Fig.  6). 

The  resultant  curve  would  then  show  a  minimum  value  at  clT  in  the 
case  of  ethyl  laurate,  &c. 

The   esters   of   low  molecular  weight  appear  to  differ   from   such 


Fig. 


Fig.  5. 


£^  ^ 


compounds  in  that  the  association  curve  bends  moi^e  rapidly,  and  thus 
causes  the  minimum  to  be  reached  at  a  lower  concentration  (Fig.  7). 

Summary  and  Conclusion. 

The  most  important  conclusion  arrived  at  from  the  foregoing  experi- 
ments is  that  phenol  does  not  obey  van't  Hoif's  law  of  solution. 


Fig.  6. 


Fig.  7. 
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1.  The  monobasic  esters  in  phenol  solution  (i)  have  a  high  initial 
molecular  depression,  (ii)  have  a  negative  *•' rate "  of  association, 
(iii)  associate  slightly  in  dilute  solutions,  thus  exhibiting  a  minimum 
molecular  depression. 

2.  The  esters  with  more  than  one  carboxy-alkyl  group  have  a 
greater  initial  molecular  depression  and  a  higher  negative  "rate"  of 
association. 
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3.  The  association  of  the  methyl  esters  and  the  alkyl  formates  is 
gi-eater  than  that  of  their  isomerides  and  immediate  homologues, 

4.  The  esters  with  high  molecular  weights  have  a  considerable 
initial  association,  which  is  almost  identical  for  those  compounds  with 
the  same  number  of  atoms  in  the  hydrocarbon  chain. 

5.  The  irregular  molecular  depressions  and  the  negative  "rate"  of 
association  are  probably  due  to  the  fact  that  phenol  has  a  great 
tendency  to  form  molecular  complexes. 

6.  These  irregularities  disappear  in  the  case  of  thymol,  guaiacol,  and 
o-nitrophenol,  which  are  not  so  strongly  associated  as  phenol. 

Finally,  reference  should  be  made  to  the  advantage  of  calculating 
the  molecular  depression  at  each  successive  addition  of  the  solute. 
When  the  usual  method  of  calculation  is  employed,  the  minimum  in 
the  molecular  depression  curve  tends  to  be  obscured,  and  this  is 
probably  the  reason  why  this  phenomenon  has  not  been  observed  by 
former  experimenters. 

In  conclusion,  I  desire  to  express  my  gratitude  to  Professor 
Easterfield  for  the  encouragement  and  advice  that  he  has  given  me 
during  the  progress  of  the  research. 

Victoria  University  College, 

"Wellington,  New  Zealand. 


CLV. — The  Iodides  of  Co2^per. 

By  James  Wallace  Walker  and  Mary  Yiolette  Dover. 

In  the  analytical  estimation  of  copper  by  the  cuprous  iodide  method,  it 
is  found  expedient  to  employ  a  quantity  of  potassium  iodide  greater 
than  that  represented  by  the  equation  commonly  given  for  the  reaction, 
2CUSO4  +  4KI  =  2K2SO4  +  2CuI  + 12.  The  operation  is  by  this  means 
performed  in  a  shorter  time,  since,  if  sufficient  potassium  iodide  be 
employed,  the  liberated  iodine  remains  in  solution  as  KI3,  and  also  the 
increased  mass  of  one  of  the  reacting  substances  carries  the  reaction 
more  nearly  to  completion.  When,  however,  no  such  excess  of  potass- 
ium iodide  is  employed,  it  is  generally  assumed  that  iodine  is  precipi- 
tated along  with  the  cuprous  iodide  and,  if  the  resultant  mixture 
be  titrated  with  sodium  thiosulphate,  the  iodine  will  be  removed  more 
or  less  rapidly  from  the  precipitate  by  the  regenerated  alkaline  iodide, 
so  that  the  accuracy  of  the  analysis  will  depend  only  on  the  velocity 
with  which  the  reaction  2Cu"  +  41'  Z^  2CuI  -1-  lo  approaches  its  equi- 
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librium  point.  The  backward  reaction  in  this  equation  indicates  the 
presence  of  cupric  iodide  in  solution,  and  that  this  does  exist  was  first 
demonstrated  by  Moritz  Traube  {Ber.,  1884,  17,  1066).  He  obtained 
a  green  solution  containing  0  08  gram  of  cupric  iodide  in  100  c.c.  by- 
digesting  cuprous  iodide  with  a  saturated  solution  of  iodine  in  water. 
Later,  Carnegie  {Chem.  News,  1889,59,  57)  professed  to  have  obtained 
a  solution  ten  times  as  strong  by  digesting  iodine  with  water  and 
an  excess  of  cuprous  iodide  at  80°.  The  cupric  iodide  could  not,  how- 
ever, be  isolated  in  the  solid  form  by  concentration  of  its  solution,  for, 
although  it  is  stable  at  a  boiling  temperature,  it  loses  half  of  its 
iodine  on  evaporation  to  dryness.  With  these  observations  the  entire 
mechanism  of  this  important  reaction  seemed  to  be  elucidated. 
During  some  preliminary  observations  of  the  equilibrium  point  in  the 
reaction  between  copper  sulphate  and  potassium  iodide,  however, 
we  made  several  observations  which  seemed  to  indicate  that  the 
conclusion  stated  by  Traube  {loc.  cit.),  and  apparently  generally 
accepted,  namely,  that  when  there  is  no  excess  of  potassium  iodide 
present  the  precipitate  is  a  mixture  of  cuprous  iodide  and  iodine, 
is  incorrect.  Under  these  conditions  it  was  found  that  the  deep  red 
supernatant  liquid  did  not  contain  enough  potassium  iodide  to  corre- 
spond with  the  amount  of  iodine  present  in  it  as  estimated  by  sodium 
thiosulphate.  The  precipitate  also  did  not  have  the  appearance  of  a 
mixture  of  iodine  and  cuprous  iodide,  but  contained  a  very  heavy 
green  substance,  much  of  which  was  soluble  in  water  after  filtration, 
forming  a  deep  brown  solution,  although  it  contained  only  traces 
of  potassium  iodide.  At  the  same  time  evidence  was  obtained  of  the 
extreme  instability  of  the  supposed  compound  in  the  observation  that 
after  a  short  exposure  to  the  air  the  olive-green  precipitate  changed 
into  white  cuprous  iodide.  On  this  account,  the  substance  could  not 
be  dried  for  analysis,  and  accordingly  an  indirect  method  for  its 
examination  had  to  be  adopted.  After  treatment  of  the  solid 
with  water,  an  excess  of  potassium  iodide  was  added  to  the  solution 
and  the  whole  of  the  dissolved  iodine  capable  of  being  titrated  by 
sodium  thiosulphate  was  determined.  To  a  second  poition  of  the 
solution,  sodium  hydrogen  carbonate  *  was  added  to  pre"cipitate  all  the 
cupric  salt,  and  the  remaining  iodine  was  then  titrated  by  thiosul- 
phate. The  first  operation  will  titrate  the  x  atoms  of  iodine  of 
the  formula  Cul'xl,  and  the  second  only  the  x  -  1  atoms  of  the  formula 

Cul./(a;-  1)1.     From  the  ratio ,  the  composition  of  the  substance 

X  -  I 

can  be  at  once  deduced.     For  example,  if  it  has  the  composition  Culg, 

only  one  atom  of  iodine  will  be  titrated  in  the  presence  of  bicarbonate 

A  dilute  sohitiou  ol'  sodium  bicaibouate   saturated  with  carbou   dioxide  was 
employed. 
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and  two  without  it ;  if  it  has  the  composition  Cul^,  the  ratio  will  be  3 
to  2,  and  so  on. 

The  precipitate  was  first  rapidly  drained  from  the  supernatant 
liquid  at  the  pump  and  then  treated  i-epeatedly  with  insufficient 
water  for  complete  solution.  These  several  fractions  were  then 
examined  by  the  method  described  above,  and  in  some  instances  a 
portion  was  evaporated  to  dryness  and  the  potassium  iodide  present 
determined  by  solution  in  water  and  titration  with  JV/10  silver  nitrate. 
In  the  following  table,  the  results  of  the  first  experiment  are  given. 
The  precipitate  was  obtained  by  mixing  20  c.c.  of  a  solution  containing 
one  mol.  of  copper  sulphate  per  litre,  60  c.c.  of  water  and  20  c.c.  of  a 
solution  containing  two  mols.  of  potassium  iodide  per  litre.  The  mix- 
ture was  well  agitated  in  a  stoppered  bottle  for  half  an  hour  at 
the  room  temperature,  then  filtered  and  some  of  the  precipitate  shaken 
with  three  successive  quantities  of  100  c.c.  of  water,  which  were 
finally  titrated  with  iV/lO  thiosulphate  solution. 

Filtrate.  Solution  I.  Solutiou  II.  Solution  III. 
20  c.c.  without  NaHCOs 

required 26-2  c.c.  16-45                   3'9                    — 

20    c.c.    with    NaHCOo 

required 16-5  lO'S                     1-4                   0-3 

Ratio  1-59  to  1  1-6  to  1              2'S  to  1                — 

Twenty  c.c.  of  the  filtrate  required,  after  evaporation  to  dryness, 
only  7-52  c.c.  of  iV/lO  silver  nitrate  solution.  The  filtrate  evidently 
still  contains  potassium  iodide,  but  in  less  amount  than  that  required 
for  the  formation  of  KI3  with  the  iodine  present.  That  the  soluble 
matter  in  the  precipitate  is  not  KI3  was  shown  by  lixiviating  the 
remainder  with  500  c.c.  of  water,  evaporating  the  brown  solution  to 
dryness,  and  titrating  the  soluble  portion  of  the  residue  with  i\710 
silver  nitrate,  when  only  1"75  c.c.  were  required,  whereas  about  60  c.c. 
of  J^l  10  thiosulphate  were  necessary  to  titrate  the  iodine  even  after  the 
addition  of  sodium  bicarbonate.  The  difference  in  the  ratios  of 
solutions  I  and  II  is,  of  course,  due  to  the  fact  that  there  is  a  large 
amount  of  cuprous  iodide  in  the  pi-ecipitate,  and  that  solution  II 
is  thei'efore  relatively  much  richer  in  cupric  iodide  than  in  Cul2,(a;  —  1)1. 
The  value  of  x  in  the  latter  is  already  indicated  by  the  ratio  found  in 
solution  I.  The  ratio  is  approximately  3  to  2  and,  inasmuch  as 
the  solution  certainly  contains  some  cujjric  iodide  since  it  has  been 
shaken  with  cuprous  iodide,  this  may  be  taken  as  a  strong  indication 
that  the  olive-green  compound  has  the  composition  Cul2,l2,  in  which 
three  of  the  iodine  atoms  would  be  titrated  without,  and  only  two 
after,  addition  of  bicarbonate.  Assuming  this  to  be  the  case,  the 
simplest  way  to  obtain  it  in  a  state  of  purity  would  evidently  be 
to  precipitate  copper  sulphate  by  a  solution  of  iodine  in  potassium 
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iodide  which  contains  two  atoms  of  iodine  and  two  molecules  of 
potassium  iodide  for  every  atom  of  copper.  This  was  accordingly  done 
by  adding  20  c.c.  of  the  solution  containing  1  mol.  of  copper  sulphate 
per  litre  to  20  c.c.  of  the  solution  containing  2  mols.  of  potassium 
iodide  per  litre,  after  first  dissolving  5  "08  grams  of  iodine  in  the  potass- 
ium iodide.  In  order  to  ensure  equilibrium,  the  mixture  was  well 
shaken  for  half  an  hour  at  the  ordinai"y  temperature  before  filtration. 
The  precipitate  was  a  very  dense  olive-green  powder  which  settled 
rapidly,  unlike  cuprous  iodide.  It  was  well  agitated  with  water 
in  four  successive  quantities  of  100  c.c.  each,  and  the  four  solutions 
thus  obtained  were  titrated  with  thiosulphate  as  above,  with  the 
following  results  : 


Solutions 

20  c.c.  without  NaHCOa  required 

20  c.c.  with  XaHCOg  required  ... 

Ratio 

1. 
17-0  c.c. 
11-2    ,, 
1-52  to  1 

II.               III. 

14-0  c.c.     13-4  c.c 
9-0    „         S-6    ,, 
1-55  to  1     1-55  to  1 

IV. 

12-4  c.c 

8-2    „ 
1-51  tol 

The  remainder  of  the  precipitate  was  entirely  soluble  to  a  deep  brown 
solution  in  500  c.c.  of  water,  and  10  c.c  of  this  required  5*1  c.c. 
without,  and  3'4  c.c.  with,  bicarbonate,  showing  a  ratio  of  3  to  2. 
In  a  second  preparation,  a  solution  of  the  precipitate  required  6 '65  c.c. 
of  i\7l0  thiosulphate  without,  and  4-32  c.c.  with,  bicarbonate  for 
10  c.c,  showing  a  ratio  of  1-54:1.  The  value  6*65  indicates  that 
100  c.c.  of  the  solution  ought  to  yield  on  evaporation  to  dryness 
0-4325  gram  of  Cul.  It  actually  yielded  04320  gram,  showing  that 
the  method  adopted  is  sufliciently  accurate.  When  an  attempt  was 
made  to  concentrate  this  solution  by  removing  some  of  the  water 
as  ice,  the  same  olive-green  solid  separated  along  with  the  ice. 

These  analyses  show  that  both  solution  and  solid  contain  copper  and 
iodine  in  the  ratio  of  four  atoms  of  the  latter  to  one  of  the  former. 
This  fact  taken  along  with  the  evident  homogeneity  of  the  precipitate 
seemed  to  point  to  the  existence  in  both  of  a  compound  of  the  same 
tj'pe  as  KI3,  namely,  I'CuIg.  It  will  be  evident  from  the  sequel 
that  this  conclusion  is  not  justified  with  regard  to  the  solution, 
although  all  the  evidence  obtaicable  points  to  this  constitution  for  the 
solid.  The  existence  of  such  a  compound  seemed  to  indicate  the 
possibility  of  the  production  of  a  still  higher  polyiodide,  namely, 
Culg,  and  accordingly  an  attempt  was  made  to  prepare  this  by  a 
similar  method. 

Solutions  of  copper  sulphate  and  of  potassium  iodide  containing 
dissolved  iodine  in  the  molecular  ratio  CuSO^  to  2KI3  were  mixed  and 
well  shaken.  The  precipitate,  which  was  much  darker  in  colour  as  if 
it  contained  free  iodine,  was  shaken  up  with  water  and  this  solution 
titrated  as  before.     It  showed  still  the  same  iodine  ratio  (3  :  2)  by  the 
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two  methods,  and  in  agreement  with  this  solid  iodine  remained  when 
it  was  treated  with  much  water.  Also  it  was  obserred  that  when 
sevei-al  more  dilute  solutions  in  which  the  iodine  ratio  was  greater  than 
3  :  2  were  shaken  with  iodine  at  the  ordinary  temperature  all  gave  as 
final  value  the  ratio  3  : 2.  These  results  seemed  to  indicate  that  no 
higher  compound  than  Cul^  is  capable  of  existence  at  least  at  the  ordinary 
temperatuie.  When  the  solution  of  the  tetriodide  was  heated  on  the 
water-bath,  however,  with  an  excess  of  iodine  and  the  liquid  titivated, 
it  was  fouud  that  much  more  iodine  was  dissolved.  At  a  temperature 
of  80°,  the  values  approximate  to  those  required  by  the  formula  Culg. 
On  cooling,  this  solution  deposited  iodine,  a  result  which  was  taken  to 
indicate  that  Cul^  is  the  highest  iodide  which  can  exist  at  the  ordinary 
temperature,  at  least  in  the  presence  of  water,  although  the  results 
obtained  by  Jorgensen  {J.  j^r.  Chem.,  1870,  [ii],  2,  347)  seem  to 
indicate  that  a  much  higher  polyiodide  can  exist  in  alcoholic  solution. 

When  the  deep  red  solution  obtained  by  treating  the  tetriodide  with 
water  is  sufficiently  diluted  and  shaken  with  cuprous  iodide,  it  becomes 
bluish-green  and  contains  no  iodine  which  is  capable  of  reacting  with 
starch.  This  is  the  solution  of  pure  cupric  iodide  first  described  by 
Traube.  A  solution  which  contains  0'104  per  cent,  of  Culo  gives  a 
colour  reaction  with  starch,  which  is  discharged,  however,  by  adding 
0-05  c.c.  of  A75O  thiosulphate  to  100  c.c.  The  limit  of  existence  of 
pure  cupric  iodide  solution  at  a  temperature  of  24°  is  therefore  very 
nearly  01  per  cent.  The  0-8  per  cent,  solution  obtained  by  Carnegie 
contained  much  polyiodide.  As  mentioned  by  Traube,  the  solution  of 
cupi'ic  iodide  is  stable  at  100°,  but  when  evaporated  at  that  or  a  lower 
temperature  it  loses  iodine  and  deposits  cuprous  iodide.  Similarly, 
when  we  attempted  to  concentrate  it  by  removal  of  the  water  as  ice, 
cuprous  iodide  was  deposited  and  the  solution  became  orange-coloured, 
indicating  the  presence  of  polyiodide. 

The  insolubility  of  cuprous  iodide  and  the  existence  of  a  polyiodide, 
Culj,  explain  the  apparent  instability  of  the  cupric  salt,  since,  from 
the  equation  (a;- 2)CuI-i- Cul^.  :;i^  (a;  -  l)Cul2,  the  mass  law  requires 
that  Co ~YC'i  =  const.,  where  C^  and  Cg  are  the  concentrations  of  poly- 
iodide and  of  cupric  iodide  respectively.  Any  variation  of  the  volume 
of  water  must  therefore  displace  the  equilibrium  point,  diminution  of 
volume  causing  C^  to  increase  relatively  to  C2.  In  order  to  determine 
the  value  of  x  in  the  above  equation,  cuprous  iodide  Avas  added  to  the 
strongest  solution  of  the  tetriodide  with  different  quantities  of  water 
and  well  shaken  until  equilibrium  was  established.  Thereafter  the 
iodine  was  titrated  with  NjbQ  thiosulphate  with  and  without 
bicarbonate.     The  results  are  contained  in  the  following  table  : 
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Original  so 

lution. 

Water. 

W 

ith  NaHCOs. 

W 

ith 

out  NaHCO 

1000  c 

.c. 

0 

2030 

3200 

800 

200 

1580 

2560 

600 

400 

1115 

'1920 

400 

600 

C12-5 

1280 

200 

800 

176 

640 

100 

900 

15 

320 

The  fir.st  column  contains  the  volume  of  the  original  solution  taken, 
water  being  added  in  each  case  to  make  a  total  volume  of  1000  c.c. 
Assuming  that  the  substances  in  solution  are  Cul^  and  Culg,  their 
relative  molecular  concentrations  are  readily  obtained  from  the 
numbers  in  columns  3  and  4.  If  C^  and  G^  be  their  respective 
molecular  concentrations,  the  numbers  in  column  3  will  give  the  values 
of  20^,  while  those  in  column  4  will  give  the  values  of  3C\  +  Cg,  from 
which  C^  and  Cg  have  been  calculated  : 

Ci.  Co.  C.3/C1. 

1015  155  0-37  10^ 

790  190  0-87  10^ 

557-5  247-5  0-27  10^ 

306-3  361-2  0-15  10« 

88  376  0-60  10" 

7-5  297-5  0-35  10^ 

It  is  evident  that  the  values  of  C.2/C1  are  by  no  means  constant  as 
required  by  the  chemical  equation  Cul^  +  2CuI  zzl  SCuIg.  The 
assumption  made  above  that  ,x  =  4  is  therefore  not  true  for  the  solution. 
A  possible  explanation  is  that  the  solid  tetriodide  does  not  dissolve  as 
such,  but  as  an  equimolecular  mixtui-e  of  Culg  and  Culg.  If  so,  the 
equation  representing  the  production  of  Culg  will  be  Cul,;  + 
4CuI  ^  SCuIg,  for  which  the  mass  law  requires  that  C4/C3  should  have 
a  constant  value,  C^  and  Cg  representing  the  relative  molecular  con- 
centrations of  Culg  and  of  Culg  respectively.  The  values  of  O3  and 
C4  are  readily  obtained  from  the  above  table  of  experimental  results, 
the  numbers  in  column  3  giving  the  values  of  4C3and  those  in  column 
4  the  values  of  5C0  +  C4. 


C3. 

C4. 

C^C3=:A'. 

507-5 

662-5 

0-25  101- 

395 

585 

0-17  lO''-^ 

278-75 

525-25 

0-26  IQi--^ 

153-15 

514-3 

0-24  lO'--^ 

44 

4-20 

0-30  101' 

3-75 

301-25 

0-66  10'- 

In  this  instance  the  values  obtained  for  K  are  all  of  the  same  order 
of  magnitude  at  least,  and  the  first  five  approach  as  closely  to  a  con- 
stant as  the  method  permits,  since  an  error  of  1  per  cent,  in  the 
titrations  would  account  for  all  the  discrepancy.  It  seems  therefore 
highly  probable  that  the  solution  contains  a  hexiodide  of  copper.  It 
will  also  most  probably  contain  some  tetriodide  as  represented  by  the 
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equilibrium  equation  2CUI4  -^  Culo  +  Culg,  but  there  is  tio  evident 
method  of  determining  its  amount.  The  assumption  of  the  presence  of 
a  still  higher  poly  iodide  gives  less  satisfactory  results.  This  is 
evident  from  the  following  table,  which  has  been  calculated  on  the 
assumption  that  the  solution  contains  Culg. 

c,.  c«.  eye,. 

338'3  416  064  10i« 

263-3  358-5  0-29  lO^^ 

185-8  309-7  0-15  10i« 

102-1  2827  0-14  10i« 

29-3  217-5  0-79  10^^ 

2-5  151-3  0-73  1015 

The  evidence  that  the  solid  is  Cul^  may,  from  the  method  of  the 
preparation  of  this  product,  be  considered  unsatisfactory.  Some  of  the 
various  equations  which  might  repi'esent  the  formation  of  an  equi- 
molecular  solution  of  Culg  and  Culg  from  a  precipitate  thus  produced 
are  the  following  : 


Solid. 

Solution. 

1. 

2CUI  +  3I2 

= 

Culg  +  Culg 

2. 

2CUI2  +  2I2 

= 

Culo  +  Culg 

3. 

Cul  +  Cul^ 

= 

Culg  +  Culg 

4. 

Culg  +  Culg 

= 

Culg  +  Culg 

5. 

2CuI, 

= 

Culg  +  Culg 

As  we  are  dealing  with  a  solid  of  very  unstable  character,  the 
experimental  means  of  deciding  between  these  five  possible  cases  are 
very  limited.  Any  known  method  of  attempting  to  remove  the 
iodine  would  leave  the  same  end-product  in  each,  namely,  cuprous 
iodide,  so  that  superficial  examination  of  the  solid  seemed  about  the 
only  evidence  available.  Its  apparently  homogeneous  appearance  even 
when  examined  under  a  fairly  high  magnifying  power  would  seem  to 
exclude  the  probability  of  the  olive-green  precipitate  being  represented 
as  in  1,  2,  or  3,  but  not  4,  because  both  Culg  and  Culg  may  be  heavy 
green  solids.  Further,  we  have  always  observed  that  the  precipitate 
settles  very  rapidly  when  compared  with  one  which  does  contain 
cuprous  salt — a  fact  which  may  be  taken  as  an  additional  argument 
against  1  and  3.  If  equation  4  is  the  correct  one,  a  somewhat 
curious  coincidence  must  exist,  namely,  that  the  di-iodide  and  the 
hexiodide  must  have  the  same  solubility,  and  this  not  only  at  the 
ordinary  but  also  at  higher  and  lower  temperatures.  As  this  is 
extremely  improbable,  the  most  likely  assumption  with  regard  to  the 
nature  of  the  precipitate  is  that  it  is  a  homogeneous  solid  having  the 
formula  Cul^. 

Traube  states  that  among  its  reactions  cupric  iodide  yields  no 
precipitate  with  silver  nitrate  solution,  This  is,  however,  the  case 
only  with  the  less  concentrated  solutions,  corresponding,  in  fact,  to  the 
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dilutions  at  which  cupric  chloride  and  potassium  chloride  also  give 
only  an  opalescence.  And  even  here  the  addition  of  acids  or  neutral 
salts  such  as  sulphates  induces  precipitation.  A  solution  of  cupric 
iodide  containing  0*095  per  cent,  gives  a  precipitate  at  once  with 
silver  nitrate,  and  can  be  accurately  titrated  with  it,  whilst  one  of 
0"063  per  cent,  gives  no  precipitate  until  potassium  chromate  is  added 
as  indicator. 

Although  pure  cupric  iodide  is  unstable  in  that  its  solution  cannot 
be  concentrated  by  evaporation  or  otherwise,  it  is  much  more  stable 
than  the  polyiodides,  for  whea  shaken  with  ether  or  carbon  tetra- 
chloride they  yield  up  iodine  to  these  solvents  and  cuprous  iodide  is 
precipitated.  The  strongest  solution  of  pure  cupric  iodide,  however, 
does  not  colour  them  in  the  slightest.  It  seemed  possible,  there- 
fore, that  in  the  dry  state  the  solid  tetriodide,  when  treated  with 
ether,  might  leave  a  residue  of  solid  cupric  iodide.  An  attempt 
was  made  to  remove  the  water  from  the  precipitated  tetriodide  by 
washing  with  a  little  alcohol  in  order  to  treat  the  solid  subsequently 
in  this  way.  The  alcohol,  however,  formed  a  very  dark  brown, 
viscid  solution,  and  on  filtration  cuprous  iodide  remained  in  quantity 
on  the  filter.  This  solution  was  allowed  to  evaporate  spontaneously 
and  two  crops  of  black  crystals  were  obtained  from  it.  The  first 
of  these  showed  on  analysis  the  ratio  of  1  atom  of  copper  to  7  "25 
atoms  of  iodine,  while  the  second  gave  numbers  which  agreed 
accurately  with  the  formula  Culy.  The  calculated  percentage  of 
Cul  in  this  formula  is  15-75,  whilst  the  value  found  by  heating 
the  well-dried  crystals  in  a  porcelain  crucible  was  15 '77  per  cent. 
As  was  to  be  anticipated,  when  treated  with  water,  copper  and 
iodine  dissolved  out  of  it  in  the  ratio  required  by  the  formula 
Oul^.  By  treating  cuprous  iodide  with  an  alcoholic  solution  of 
iodine  at  a  temperature  of  30°,  Jorgensen  {loc.  cit.)  obtained  a 
solution  which  contained  approximately  nine  atoms  of  iodine  to  one 
molecule  of  Cul.  It  seemed  possible  that  the  crystalline  substance 
just  described  might  represent  the  compound  actually  existing  in 
solution.  In  order  to  prepare  a  larger  quantity  of  it,  an  excess  of  Cul 
was  treated  with  an  alcoholic  solution  of  iodine  at  the  ordinary 
temperature.  This  solution  was  found  to  contain  0-0785  gram  of  Cul  to 
0-527  gram  of  iodine.  This  might  represent  a  compound  containing 
12-96  per  cent.  Cul,  whilst  the  formula  Cul^^  requires  13-01. 
Glistening,  black  crystals  were  also  obtained  from  this  solution  on 
evaporation,  but  none  of  the  various  fractions  gave  numbers  agreeing 
with  the  above  formulte,  the  first  having  a  lower,  the  later  fractions  a 
higher,  iodine  content  than  either  Cul^  or  Cvxl^^.  In  no  case,  how- 
ever, did  the  solid  appear  to  be  a  mixture  of  an  iodide  with  free  iodine, 
inasmuch  as  individual  crystals — and  they   were  often  0-5   mm.    in 
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length — when  heated  or  exposed  to  the  air  for  some  time  always 
left  a  residue  of  cuprous  iodide.  A  possible  explanation  is  that  there 
are  numerous  polyiodides  of  copper,  some  containing  a  high  percentage 
of  iodine,  and  that  the  different  fractions  were  a  mixture  of  these  in 
varying  proportions. 

Macdonald  Chemistry  and  Mining  Building, 
McGiLL  Univeusitv. 


CLVI. — The    Interaction    of  Alcohols  and  Phosphorous 
Halides. 

By  James  Wallace  Walker  and  Frederick  Murray  Godschall 
Johnson, 

It  is  well  known  that  the  equation  PX3  +  3A-OH  =  P(0H)3  + SAX, 
where  X  represents  a  halogen  atom  and  A  an  alkyl  radicle,  does  not 
represent  accurately  the  action  of  the  phosphorous  halides  on  the 
alcohols.  A  scanty  yield  of  alkyl  halide  is  obtained  in  many  instances 
when  an  excess  of  the  alcohol  is  avoided,  the  reason  being  that  the 
phosphorous  halide  acts  in  two  ways  on  the  alcohol,  giving  up  one  or 
more  of  its  halogen  atoms  either  for  a  hydroxyl  group  with  the  pro- 
duction of  a  molecule  of  alkyl  halide  or  for  an  alkoxyl  group  with 
the  formation  of  a  molecule  of  hydrogen  halide.  If  sufficient  alcohol 
be  present  to  dissolve  the  hydrogen  halide,  these  two  substances  will 
interact  slowly,  forming  water  and  alkyl  halide.  By  this  means, 
therefore,  the  yield  of  alkyl  halide  may  become  nearly  theoretically 
equivalent  to  that  of  the  phosphorous  halide  employed.  When  an 
excess  of  alcohol  is  avoided,  however,  the  halogen  hydride  is  produced  in 
many  instances  in  quantity,  and  if  it  be  allowed  to  escape  the  yield  of 
alkyl  halide  is  correspondingly  diminished.  The  phosphorus  deriv- 
atives simultaneously  produced  have  been  examined  to  some  extent  by 
Wurtz  {Annalen,  1846,  58,  72),  by  Schiff  {loc.  cit.,  1857,  103,  164), 
and  by  Menschutkin  [loc.  cit.,  1866,  139,  343).  The  last-named 
investigator  found  that  when  one  molecular  weight  of  ethyl  alcohol  is 
added  to  one  of  phosphorus  trichloride,  ethoxyphosphorus  dichloride 
is  produced,  and  gave  as  the  equation  for  its  formation  PCI3  + 
C,,H5-OH  =  HCl  +  PC1.2-0-C2H5.  Wurtz  and  Schiff  found  that  with 
equivalent  quantities  monoalkylphosphorous  acids  corresponding  to 
the  above  dichloride  were  obtained.  Their  formation  is  represented 
by  an  equation  such  as  PC13  +  3C2H5-OH  =  C2H5-0-P(OH)2  +  2C2H5CI  + 
HCl. 
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TLe  purpose  of  the  present  investigation  is  to  determine  by  quanti- 
tative measurement  of  the  alkyl  halide  produced  if  there  is  a  general 
equation  which  represents  the  action  of  any  trihalide  of  phosphorus 
on  any  alcohol,  or,  failing  this,  if  the  several  individual  instances 
may  not  at  least  be  represented  by  one  of  the  four  equations  : 

(1)  PX3+  3A-0H  =  P(OH)(OA).,  + AX  +  2HX. 

(2)  =  P(0HV0A  +  2AX  +  HX. 

(3)  =  P(OH)3  +  3AX. 

(4)  =P(OA)3  +  3HX. 

The  reactions  (3)  and  (4)  depict  quantitative  and  zero  yields  of 
alkyl  halide,  but  it  is  of  course  quite  possible  that  in  all  other 
instances  the  four  reactions  occur  simultaneously.  If  they  do  so,  pre- 
serving the  same  relative  velocities  from  case  to  case,  then  the  yield  of 
alkyl  halide  will  be  the  same  in  each  instance.  If  the  relative  velocities 
vary,  the  yield  of  alk\  1  halide  will  also  vary.  Should,  however,  a 
simple  molecular  relationship  be  found  to  exist  between  the  yield  of 
alkyl  halide  and  the  amount  of  phosphorous  halide,  it  is  much  more 
probable  that  the  reaction  is  expressed  by  a  single  equation  such  as  (I ) 
or  (2)  than  that  the  four  reactions  take  place  simultaneously. 

Experimental. 

The  reactions  examined  are  those  between  methyl,  ethj-l,  and 
?i-propyl  alcohols  and  phosphorous  chloride,  bromide,  and  iodide. 
Owing  to  the  low  boiling  point  of  methyl  and  ethyl  chlorides  and  of 
methyl  bromide,  the  gases  had  to  be  condensed  and  weighed  at  a  low 
temperature.  Further,  since  they  are  soluble  to  a  considerable  extent 
in  water,  it  was  necessary,  in  order  to  wash  them  without  loss,  to  use 
water  already  saturated  with  the  halide  under  examination.  This 
washing  was  effected  in  a  Liebig  potash  bulb,  and  after  drying  the 
gases  were  condensed  at  -  40°  in  a  bulb,  the  exit  and  entrance  tubes  of 
which  were  provided  with  well-fitting  taps  fastened  in  to  prevent  leak- 
age as  the  contents  became  warmer.  In  this  way,  even  methyl  chloride 
could  readily  be  collected  and  weighed  without  loss.  The  reaction  was 
performed  by  allowing  the  required  amount  of  alcohol  to  drop  on  to 
the  phosphorous  halide  in  a  small  distilling  flask  placed  in  iced  water. 
The  flask  was  attached  to  a  short  reflux  condenser,  and  this  in  turn  to 
the  Liebig  bulb.  After  all  the  alcohol  had  been  added,  the  flask  was 
heated  to  distil  off  all  the  alkyl  halide,  which  was  purified,  collected, 
and  weighed  as  indicated  above.  In  the  case  of  the  less  volatile  com- 
pounds, the  halide  was  distilled  through  a  direct  well-cooled  condenser 
into  a  tube  graduated  in  O'l  c.c,  where  it  could  be  washed  by  aqueous 
caustic  potash  and  its  amount  determined  by  volume.     The   degree  of 


1594  WALKER    AND   JOHNSON  :   THE    INTERACTION   OF 

accuracy  attained  by  this  method  seemed,  from  the  numerous  pai'allel 
experiments  which  were  made,  to  be  quite  sufficient  for  the  purpose.  It 
is  probably  affected  most  by  the  small  quantity  of  hydrogen  phosphide 
which  was  produced  on  heating  the  reaction  mixture.  Since  the  alkyl 
halide  produced  was  distilled  off  as  soon  as  the  alcohol  was  all  added, 
it  is  assumed  to  be  all  due  to  the  primary  reaction  and  not  to  a 
secondary  action  of  halogen  hydride  either  on  the  alcohol  or  on  any 
alkoxyl  phosphorus  compound. 

The  trichloride  and  tribromide  were  obtained  from  Kahlbaum  and 
were  redistilled.  The  tri-iodide  was  made  according  to  directions 
given  by  Fremy  {Encyclopedie  chimique  II.,  2*'"^,  section  1,  p.  474). 
The  alcohols  were  of  course  carefully  dehydrated.  The  results  are 
tabulated  below  : 


Giam-mols.  of 

yielded 

Gram-mols. 

of 

alcohol 

CHgCl. 

CoHgCl. 

a,H,ci. 

3 

1-52 

1-u 

1-G 

2 

1  1 

0-87 

0-75 

1 

0-15 

0-07 

0-03 

CH,Br. 

CHgBr. 

C^H^Br. 

3 

2-03 

i-66 

2-0 

2 

1-79 

1-06 

1-79 

1 

0-83 

0-53 

— 

CH3L 

C^H,!. 

CsH.I. 

3 

2-5 

2-0 

2-28 

Out  of  the  nine  cases  examined,  a  simple  molecular  ratio  is  only 
found  in  four  cases,  namely,  ethyl  chloride,  methyl  bromide,  ?i-propyl 
bromide,  and  ethyl  iodide.  There  is  only  one  equivalent  of  ethyl 
chloride  produced  when  three  molecules  of  alcohol  interact  with  one 
of  phosphorus  trichloride.  The  equation  for  the  reaction  is  evidently 
in  this  case  PCI3  + 3C2H5-OH  =  a^H.,Cl  + 2HC1 +  P(OH)(0-C2H5)2. 
Under  the  same  conditions,  two  molecules  of  methyl  bromide,  ethyl 
iodide,  and  w-propyl  bromide  are  formed,  so  that  the  equations  for  the 
respective  reactions  are  : 

PBrg  +  SCHg-OH  =  2CH3Br  +  HBr  +  P(OH)2(0-CH3), 
PI3  +  3C2H5-OH  =  2C2H5I  +  HI  +  P(OH),(0-aH,), 
and  PBrg  +  SCgH^-OH  =  2C3H,Br  +  HBr  +  P(bH)2(0-C3H-). 

With  regard  to  the  others,  methyl  chlorjde,  ethyl  bromide,  and 
n-propyl  chloride  approximate  within  the  limit  of  error  to  one  and  a 
half  molecules.     This  may  point  to  an  equation  of  the  type 

PgXg  +  6 A-OH  =  SAX  +  3HX  +  P  (OH)3(OA)3. 
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The  amount  of  methyl  iodide  produced  is  two  and  a  half  molecules. 
The  reaction  can  therefore  be  expressed  by  a  similar  equation, 
namely, 

P^Xg  +  6A-0H  =  5AX  +  HX  +  P2(OH)5{OA). 

The  yield  of  propyl  iodide  does  not  admit  of  expression  by  any 
simple  equation. 

When  only  one  molecule  of  an  alcohol  was  added  to  phosphorus  tri- 
chloride, a  point  of  some  interest  was  observed,  namely,  that  scarcely 
any  alkyl  chloride  was  produced.  The  small  quantity  obtained  is  evi- 
dently due  to  a  reaction  not  with  the-  phosphorus  trichloride,  but  with 
the  alkoxy-phosphorus  chloride  produced,  the  first  molecule  of  alcohol 
reacting  according  to  the  equation  given  by  Menschutkin,  PClg  + 
A-0H  =  HCl-t-P0l2-0A.  The  yield  of  ethyl  chloride  obtained  by 
adding  the  whole  three  molecules  of  alcohol  does  not  point  to  the 
formation  of  any  such  compound  as  was  obtained  by  Wurtz  and 
Schiff,  although  their  equation  holds  in  the  preparation  of  methyl  and 
w-propyl  bromides  and  of  ethyl  iodide.  The  formation  of  compounds 
of  Menschutkin's  type  is  not  indicated  when  phosphorus  tribromide  is 
used.  The  addition  of  the  second  molecule  of  alcohol  to  phosphorus 
trichloride  gives  exactly  one  molecule  of  ethyl  chloride ;  the  same  would 
appear  to  hold  for  methyl  bromide,  and  presumably  also  for  ?z-propyl 
bromide.  In  the  other  instances  examined,  the  relationship  is  not  so 
simple. 

Among  the  various  methods  which  have  been  proposed  for  the 
speedy  preparation  of  such  substances  as  methyl  or  ethyl  iodide  in 
considerable  quantity,  possibly  the  best  are  those  of  Crismer  {Ber., 
1884,  17,  649),  who  recommends  adding  the  halogen  to  yellow 
phosphorus  under  liquid  parafiin,  and  subsequently  the  alcohol  to  the 
trihalide  thus  produced,  and  of  J.  Walker  (Trans.,  1892,  61,  717),  who, 
after  adding  the  phosphorus  to  the  alcohol  by  employing  a  reflux 
appai-atus,  causes  the  alcohol  to  dissolve  the  iodine  slowly  and  thus 
bring  it  into  contact  with  the  phosphorus.  The  ready  solubility  of 
yellow  phosphorus  in  many  organic  liquids  suggested  the  possibility  of 
employing  methyl  iodide  as  a  solvent  for  it  in  the  production  of  more 
methyl  iodide.  The  applicability  of  such  a  process  would  depend 
largely  on  the  solubility  of  the  phosphorus.  We  found  that  it  yields 
easily  a  1 0  per  cent,  solution  at  the  ordinary  temperature.  Accordingly 
10  grams  of  yellow  phosphorus  were  dissolved  in  100  grams  of  methyl 
iodide  and  123  grams  of  iodine  were  subsequently  added  fairly  rapidly 
to  the  liquid,  which  was  cooled  by  immersing  the  flask  in  iced  water. 
A  reflux  condenser  and  a  burette  were  then  attached  to  the  flask  and 
the  theoretical  volume,  namely,  38'3  c.c,  of  methyl  alcohol  slowly 
added,  while  the  mixture  was  well  shaken  and  still  kept  copl.     Aftey 
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the  alcohol  had  all  run  in,  another  24  grams  of  phosphorus  wei"e 
dissolved  in  the  liquid,  then  295  grams  of  iodine  and  92  c.c.  of  alcohol 
were  added  as  before.  On  distilling  off  the  methyl  iodide,  441  grams 
were  obtained  after  deducting  the  original  100  grams  instead  of  the 
theoretical  467  grams.  The  whole  operation  was  performed  in  about 
four  hours,  and  of  course  a  larger  amount  might  have  been  made 
in  relatively  shorter  time  by  continuing  the  addition  of  the  theoretical 
amounts  of  phosphorus,  iodine,  and  methyl  alcohol.  Yellow  phosphorus 
did  not  appear  to  be  so  soluble  in  ethyl  iodide  as  in  methyl  iodide,  and  the 
yield  obtained  by  this  method  was  not  so  good,  being  only  65  per  cent, 
of  the  theoretical,  which  corresponds  to  two  gram-molecules,  as  was 
found  in  our  smaller  experiments. 

The  quantities  employed  in  these  preparations  are  in  the  ratio  of 
one  atomic  weight  of  phosphorus  to  three  of  iodine  and  three  molecules 
of  alcohol,  and  the  yield  of  methyl  iodide  obtained  is  94  per  cent,  of  the 
theoretical.  Crismer,  using  the  substances  in  the  same  proportions, 
obtained  90  percent.,  and  Walker  obtained  93  per  cent,  of  ethyl  iodide 
calculated  on  the  iodine  employed,  but  he  used  more  than  double  the 
necessary  amount  of  phosphorus  and  a  considerable  excess  of  alcohol. 
The  general  tendency  seems  to  be  to  assume  that  the  tri-iodide  of 
phosphorus  must  be  employed  in  this  preparation.  It  has  been  shown, 
however,  by  Hampden  {Chem.  News,  1880,42,  180)  that  the  pentiodide, 
although  an  unstable  substance,  is  capable  of  existing  below  50°.  We 
therefore  decided  to  try  the  yield  of  methyl  iodide  obtainable  by  using 
the  reagents  in  the  proportions  expressed  by  the  symbols  PI5  and 
5CH4O.  To  a  solution  containing  21  grams  of  phosjjhorus  in  200  grams 
of  methyl  iodide,  430  grams  of  iodine  were  added  in  quantities  of  about 
50  grams  at  a  time.  The  flask  was  kept  cool  by  iced  water,  antl  was 
fitted  to  a  reflux  condenser.  The  latter  was  probably  unnecessary, 
since  the  heat  developed  during  the  reaction,  as  measured  by  Ogier 
{Compt.  rend.,  1881,  92,  83),  is  but  slight.  After  about  one-half  of 
the  iodine  had  been  added,  the  liquid  had  become  a  semi-solid  mass  of 
red  crystals  of  the  tri-iodide.  Further  addition  of  iodine  caused  them 
to  dimini-sh  in  quantity,  however,  until  when  all  the  iodine  had  been 
added  there  remained  simply  a  very  deep  red  liquid.  To  this  solution 
110  grams  of  methyl  alcohol  were  added  from  a  dropping  funnel, 
slowly  at  first,  but  much  more  rapidly  towards  the  end.  There  was 
scarcely  any  evolution  of  acid  fume  unless  the  alcohol  was  allowed  to 
flow  in  too  fast.  The  methyl  iodide  was  distilled  off  at  once,  and  after 
the  usual  purification  615  grams  were  obtained.  Deducting  from  this 
the  original  200  grams,  the  yield  is  found  to  be  87  per  cent,  of  the 
theoretical.  Doubtless  with  more  efiicient  condensation  than  was 
available  at  the  time  when  the  distillation  was  being  performed,  a 
better  resvilt  might  be  obtained,  for  there  was  very  little  evolution  of 
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hydrogen  iodide  at  any  stage  of  the  preparation.  The  process  is, 
therefore,  one  which  may  at  least  be  advantageously  employed  for 
making  methyl  iodide.  It  has  one  great  recommendation  as  a 
laboratory  preparation  for  the  beginner,  who  has  probably  neither 
handled  nor  made  either  the  chlorides  or  the  bromides  of  phosphorus, 
namely,  that  he  sees  the  tri-iodide  crystallise  out  and  subsequently 
disappear  as  the  more  soluble  pentiodide. 

Chemistry  and  Mining  Building, 
McGiLL  [Jniversity. 


CLVIL — Tlie    Electrical    Conductivities    of    some   Salt 
Solutions  in  Acetamide. 

By  James  Wallace  Walker  and  Frederick  Murray  Godschall 
Johnson. 

It  has  been  shown  by  Franklin  and  Kraus  (Amer.  Chem.  J.,  1900, 
23,  277)  that  solutions  of  many  substances  in  liquid  ammonia  are 
possessed  of  a  very  high  degree  of  electrical  conductivity.  Indications 
of  the  same  property  have  also  been  found  in  the  case  of  some  of  the 
amines  by  the  same  authors,  as  well  as  by  Kahlenberg  and  others. 
The  fact  that  the  acid  amides  form  definite  compounds  with  some 
metallic  salts  (Andre,  Jahresber.,  1886,  1303),  coupled  with  the 
structural  analogy  which  exists  between  this  class  of  substances  and 
ammonia  or  the  amines,  seemed  to  indicate  tliat  the  amides  in  the 
liquid  condition  might  also  act  as  ionising  media.  Since  this  investi- 
gation was  commenced,  a  paper  has  appeared  by  Walden  [Zeit. 
physikal.  Chem.,  1903,  43,  388),  on  abnormal  electrolytes,  in  which  he 
proposes  the  investigation  of  a  large  number  of  solvents,  among  others 
the  amides  of  the  fatty  acids,  but  as  the  solute  which  he  is  employing 
is  entirely  different  from  those  used  in  this  research,  it  being  an 
organic  salt,  the  investigation  has  been  continued  along  the  lines  of 
the  original  plan. 

For  the  purpose  of  an  investigation  of  this  nature  it  was,  of  coui-se, 
necessary  that  the  acetamide  should  be  of  a  very  high  degree  of  purity, 
and  this  is  described  in  the  literature  as  a  matter  by  no  means  easily 
attained.  Walden  {loc.  cit.,  1903,  46,  146)  employed  the  method  of 
fractional  distillation,  and  after  distilling  the  substance  six  times, 
the  purest  sample  which  he  obtained  had  a  specific  conductivity  of 
29x10"^  He  concludes,  since  progressive  fractional  distilhition  at 
this  point  was  not  producing  any  reduction  in  specific  conductivity, 
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that  the  sample  was  pure,  and  that  therefore  acetamide  is  an  excep- 
tional liquid,  being  possessed,  even  in  the  pure  condition,  of  con- 
siderable power  of  conducting  the  electric  current,  and  therefore  of 
being  itself  ionised  to  an  extent  far  beyond  that  of  any  other  known 
liquid.  The  method  of  purification  by  fractional  distillation,  however, 
has  been  shown  by  the  investigations  of  Young  to  be  exceedingly 
tedious  and  unsatisfactory.  Purification  by  crystallisation,  on  the 
other  hand,  is  a  method  which  gives  a  satisfactory  resitlt  much  more 
readily.  In  the  case  of  acetamide,  the  latter  method  is  very  easily 
carried  out  and  might  be  expected  to  yield  a  very  pure  product,  since 
the  chief  impurities  in  the  commercial  material,  namely,  ammonium 
acetate  and  water-,  may  be  easily  eliminated  by  employing  benzene  as 
a  solvent.  Neither  of  these  substances  is  soluble  to  any  marked 
degree  in  benzene,  whilst  acetamide  is  quite  readily  soluble  in  it  at  a 
boiling  temperature,  but  much  less  so  in  the  cold.  After  being  twice 
crystallised  in  this  way  from  pure  benzene,  the  liquid  acetamide 
showed  at  a  temperature  of  100°  a  specific  conductivity  of  4*3  x  10"^, 
a  value  only  one-sixth  of  that  obtained  by  Walden.  There  is  little 
doubt  but  that  further  purification  by  the  same  method  would  rediice 
the  conductivity  of  acetamide  to  a  value  comparable  with  that  of 
other  pure  liquids.  Thus  far,  however,  it  has  not  been  further 
purified,  but  the  conductivity  of  the  acetamide  has  been  subtracted 
from  that  of  its  solutions.  The  measurements  were  made  at  a  tem- 
perature of  100°  by  the  usual  method,  namely,  Wheatstone's  bridge 
and  telephone.  The  specific  gravity  of  the  liquid  at  this  temperature 
was  0'983,  and  the  different  concentrations  were  obtained  by  adding 
small  weighed  quantities  of  the  solute  to  a  weighed  amount  of 
acetamide.     The  results  are  given  below  in  tabular  form. 


.Solute,  Mercuric  Chloride.      Weight  of  Acetamide,  1-561  grams  , 
vohime,  1"5875  c.c. 


Weight  of  HgClo. 

Volume  of  sohition. 

IX. 

0-0004 

1076320  c.c. 

10-6 

0-0016 

269081    ,, 

9-0 

0-0034 

126626    ,, 

6-2 

0  -00.52 

82759    „ 

5-3 

0-0072 

5979.5    ,, 

4-7 

0-0084 

51253    „ 

4-7 

0-0118 

35655    „ 

4-0 

0-0170 

24461     ,, 

3-6 
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Solute,  Potassium  Iodide.      Weight  of  Acetamide, 
volume,  r754:5  c.c. 


Volume  of  solution. 
329460  c.c. 
219600    „ 
175680    ,, 
1.O5010    ,, 

823.51    ,, 

54900    ,, 

40540    „ 

25340    ,, 

20910    ,, 

16680    ,, 


•7252  grams 


i<r 

It  of  KI 

0 

0008 

0 

0012 

0 

0015 

0 

0017 

0 

0032 

0 

0048 

0 

006.T 

0 

0104 

0 

0126 

0 

0158 

25-4 
27-4 
.32-1 
.36-8 
42-0 
42-3 
41-6 
40-7 
39-2 
37-7 


Solute,  Potassium  Cyanide.      Weight  of  Acetamide,  1*3S44  grams 
volume,  1'4079  c.c. 


0-0022 
0-0034 
0-0044 
0-0066 


41720  c.f. 

40-2 

26990  ,, 

43-1 

20860  ,, 

42-8 

13910  ,, 

41-6 

Solute,  Potasshim  Chloride.      Weight  of  Acetamide,  1-3412  gram?; 
volume,  1-363  c.c. 


0-0004 

2.54.370  c.c 

0-0011 

92500  ,, 

0-0028 

36340  „ 

0-0040 

25440  „ 

An  examination  of  the  values  of  jx,  the  molecular  conductivity,  in 
the  foregoing  tables  shows  certain  points  of  similarity  with  the  results 
obtained  for  aqueous  solutions  of  the  same  salts.  Thus,  potassium 
chloride  conducts  much  better  than  mercuric  chloride  in  both  solvents. 
The  molecular  conductivity  of  the  former  is  about  20  or  30  times 
greater  than  that  of  the  latter  in  aqueous  solution  at  18°,  and  only 
about  12  times  as  great  in  acetamide.  Again,  the  three  potassium  salts 
possess  about  the  same  molecular  conductivity  in  acetamide  solution, 
just  as  they  do  in  water,  at  equivalent  concentrations.  Their  con- 
ducting power  is,  however,  much  less  in  the  former  solvent  than  in  the 
latter.  With  increasing  dilution,  the  molecular  conductivity  of 
mercuric  chloride  increases  normally,  but  that  of  the  three  salts  of 
potassium  does  not  do  so.  On  the  contrary,  there  are  indications  in  all 
three  instances  that  it  rises  to  a  maximum  at  a  volume  of  between  30 
and  40  litres  and  then  falls  off  rapidly.  This  is  best  brought  out  in 
the  case  of  potassium  iodide,  which,  on  account  of  the  rapidity  with 
which  it  dissolved,  has  been  most  fully  investigated. 

As  the  normal  electrolyte  in  this  case  is  the  only  one  which  has  thus 
far  been   shown   to  form   a  crystalline  compound  with  the  solvent,  it 
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also  seemed  of  interest  to  examine  the  behaviour  of  some  of  the  others 
in  this  respect.  Potassium  cyanide  dissolved  readily  in  molten 
acetamide,  but  no  crystalline  compound  of  the  two  could  be  isolated. 
When  the  liquid  acetamide  was  satui-ated  with  potassium  iodide, 
however,  and  allowed  to  cool,  a  fine  crystalline  substance  first  separated 
in  small  amount.  This  was  found  on  examination  to  be  potassium 
iodide.  The  remainder  of  the  liquid  then  solidified  at  a  much  lower 
temperatui'e.  This  solid  was  purified  by  reciystallisation  from  methyl 
alcohol.  On  analysis,  1  gram  was  found  to  contain  0'074  gram  of 
potassium  and  0'2435  gram  of  iodine,  whilst  the  theoretical  per- 
centages calculated  from  the  formula  KIjGCHg'CO'NHo  are  7 •52 
and  24"42  per  cent,  respectively.  Potassium  iodide,  therefore,  also 
forms  a  stable  compound  with  acetamide.     This  product  melts  at  54°. 

A  comparison  of  the  migration  ratios  of  the  K'  and  I'  ions  in 
acetamide  solution  also  points  to  the  assumption  that  the  ions  con- 
tained therein  are  different  from  those  which  exist  in  aqueous 
solution — a  conclusion  which  would  be  readily  explained  on  the 
assumption  that  the  ions  are  in  combination  with  the  solvent.  The 
experiment  was  performed  in  a  snaall  U-tube,  which  was  constricted 
in  the  middle  so  as  to  allow  of  rapid  solidification  of  the  contents  at 
that  point  by  cooling,  and  subsequent  separation  of  the  two  com- 
partments from  each  other  by  breaking  the  tube.  These  two  fractions 
were  then  weighed  and  analysed  separately,  the  potassium  being 
estimated  as  potassium  sulphate.  Platinum  electrodes  were  used,  and 
the  current,  about  0-01  ampere,  was  measured  by  a  small  copper 
voltameter,  the  amount  deposited  being  0'0096  gram,  equivalent  to 
0-01182  gram  of  potassium.  A  2'5  per  cent,  solution  of  potassium 
iodide  was  employed  for  the  experiment.  After  electrolysis,  the 
material  in  the  anode  tube  weighed  1-7123  grams,  which  on  the 
2  5  per  cent,  basis  is  equivalent  to  0-010 1  gram  of  potassium.  It  was 
actually  found  to  contain  0-00548  gram  of  potassium,  the  loss  there- 
fore being  0-00462  gram.  Similarly,  the  gain  in  the  cathode  com- 
partment was  found  to  be  0-00474  gram.  From  the  mean  of  these 
two,  namely,  0-00468,  the  migration  ratio  of  the  anion  is  obtained 
as  0-604,  whilst  in  aqueous  solution  it  is  only  about  0-5.  The  above 
result  was  confirmed  in  a  second  experiment,  the  result  being  0'592. 
It  seems,  therefore,  that  the  relative  velocities  of  the  ions  vary  from 
solvent  to  solvent,  and  that  the  ions  also  vary. 

Macdonald  Chemistky  and  Mining  Buildino, 
McGiLL  University. 
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CLYlll.~The  Atomic   Weight   of  Nitrogen. 

By  Robert  Whytlaw  Gray. 

There  are  at  present  two  fundamentally  different  methods  of  deter- 
mining the  exact  atomic  weights  of  the  elements,  the  one  chemical 
or  dynamic,  the  other  physical  or  static.  The  chemical  is  based  on 
stoichiometry  and  chemical  change,  whilst  the  physical  is  founded  on 
Avogadro's  principle  and  the  deviations  of  gases  from  the  laws  of 
Boyle  and  Gay-Lussac. 

On  account  of  the  difficulty  of  obtaining  perfectly  pure  gases  and 
of  settling  under  what  conditions  the  weights  of  equal  volumes  are 
strictly  comparable,  the  static  method  is  of  recent  growth  and  has 
only  been  applied  to  a  few  elements.  The  necessary  constants, 
however,  of  the  gases  hydrogen,  oxygen,  carbon  monoxide,  carbon 
dioxide,  acetylene,  nitrogen,  nitrous  oxide,  ammonia,  sulphur  dioxide, 
and  hydrogen  chloride  have  been  determined  with  a  high  degree 
of  accuracy  by  the  researches  of  Rayleigh,  Leduc,  and  Guye,  and 
the  comparison  of  their  densities  after  correction  in  a  suitable 
manner  (D.  Berthelot,  Compt.  rend.,  1898,  126,  954,  1030,  1415,  and 
1501,  and  Guye,  ibid.,  1904,  138,  1213  ;  1905,  140,  1271)  has  given 
the  true  molecular  weights,  from  which  the  atomic  weights  have 
been  obtained.  In  this  way,  physical  values  for  the  elements  oxygen, 
hydrogen,  carbon,  nitrogen,  salphv;r,  and  chlorine  have  been  deter- 
mined. When  these  data  are  compared  with  the  corresponding 
numbers  in  the  International  Table  of  Atomic  Weights,  a  remarkable 
agreement  is  appar-ent.  The  individual  values  in  the  two  sets  of 
results,  with  one  exception,  do  nob  differ  from  each  other  by  more 
than  the  1 /2000th  part,  or,  accepting  as  correct  the  mean  of  the 
latest  numbers  for  the  atomic  weight  of  chlorine  (Dixon  and  Edgar, 
Froc.  Roy.  Soc,  1905,  A,  76,  250,  and  Richards  and  Wells,  /.  Amer. 
Chem.  Soc,  1905,  27,  5),  by  the  l/3500th  part. 

The  exception  to  this  concordance  is  the  element  nitrogen.  Now 
the  densities  of  nitrogen  gas,  nitrous  oxide,  and  ammonia,  when 
corrected,  have  been  shown  by  Guye  to  lead  to  an  almost  identical 
number  for  the  atomic  weight  in  question.  The  values  obtained  by 
different  workers  by  the  chemical  method  are  less  concordant, 
and  lead  to  a  considerably  higher  result.  The  chemical  atomic 
weight,  which  the  majority  of  chemists  at  the  present  time  accept 
as  the  correct  one,  exceeds  the  physical  value  by  nearly  l/400th  part, 
or  0"25  per  cent.     The  following  table  illustrates  this  difference  : 
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The  Atomic  Weight  of  Nitrogen  derived 

I.  From  Physical  Data. 

Gaaes  Atomic 

compariid.  Method  of  correction.           weight. 

Raleigh  (P/a7.    TrajtA'.,  1905, /    N„audO.,  Limitiug densities              14-009 

A,  204,  351).                       \N.p   „   O;  „              „                   13-996 

D.     Berthelot    (/oumciZ    de\   ^          ^  ^^.qO^ 

Physique,  1898).                     j        ^   >>      ^  >>               >> 

^'S,  299^'*    ''''"^"    ^^^^'}    ^'  "  ^'  Molecular  volumes  U-005 

No  ,,  Go  Correspoudiug  states  14-014 

Guye,       Piutza,       Jaquerod,  f   Nj  ,,  CO  „                 ,,  14-006 

Scheuer,  and  others,  for  col-    N„0  ,,  COa  ,,                 ,,  14-006 

lected  results  see  ^mW.  »S'oc.-^     N2  ,,  O2     Reduction  of  critical  constants    14-008 

c/am.,  1905,  [iii],  33— 34,      N.,  ,,  CO  ,,              „            ,,  14-006 

I.  IN26  „  CO2  „               ,,             ,,  14-008 

NH3  ,,    Oo  ,,  ,,  .,  14-012 

■"rrA^M^'lS"*-}    N=  .,    0:  C.,„,a,™..athightcmi,c,atu>..14-008 

Mean 14-007 

II.  From  Chemical  Data. 

*Marignac,  1843  ((Euvres  completes,  vol.  I,  p.  89)  14-043 

Stas,  1865  ((Euvres  completes,  vol.  I,  p.  814) 14-055 

Richards  and  Archibald  {Zcit.  anorg.  Chem.,  1904,  34,  353) \  14-040 

Dean  (Trans.,  1900,  77,  117)   14-031 

Scott  (Trans.,  1901,  79,il47)    14-010 

International  Atomic  Weight  Commission  in  1905  14-040 

*  This  value  is  calculated  from  the  three  ratios  determined  by  Marignac,  using 
Ag  =  107-93  ;  01  =  35*47  ;  H  =  l-0076  ;  K  =  39-15  ;  0  =  16. 

Now  most  investigators  have  assumed  that  one  of  these  two 
values,  14-007  or  14-040,  must  be  erroneous. 

It  is  difficult,  however,  to  doubt  the  accuracy  of  Stas'  work  on 
the  atomic  weight  of  this  element,  especially  since  its  correctness 
has  been  confirmed  by  the  recent  researches  of  Richards  and 
Archibald  {loc.  cit.). 

On  the  other  hand,  it  is  almost  impossible  to  believe  that  an  error 
consistently  invalidates  the  results  of  all  the  different  workers  by  the 
physical  method. 

If,  however,  one  accepts  the  two  sets  of  experimental  data  as 
equally  trustworthy,  one  is  compelled  to  conclude  either 

(1)  That  Avogadro's  law  is  not  valid  for  gases  containing 
nitrogen,  or 

(2)  That  the  relative  weights  of  the  atoms  of  nitrogen  and  oxygen 
vary  considerably  in  different  compounds. 

Both  these  alternatives  are  exceedingly  improbable,  and  one  is 
forced  back  to  the   original  contention  that  the  atomic  weight   in 
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question  lies  either  in  the  vicinity  of  14-007  or  of  14-040,  and 
that  one  of  the  two  figures  is  in  error.  The  object  of  this  research 
has  been  to  settle  definitely  by  experiment  to  which  of  these  limiting 
values  the  atomic  weight  of  nitrogen  approximates. 

The  most  satisfactory  way  to  solve  this  problem  would  be  to 
use  the  same  compound  for  determining  the  atomic  weight  both 
physically  and  chemically.  If  the  results  by  both  methods  agreed 
with  each  other,  it  would  afford  strong  evidence  for  the  correctness  of 
the  physical  value.  A  disagreement  would  point  to  the  probability 
that  the  accepted  chemical  figure  is  the  right  one. 

The  chief  difiiculty  lies  in  the  accurate  gravimetric  analysis  of 
a  gas  containing  nitrogen.  Rayleigh  experimented  on  the  decom- 
position of  nitrous  oxide  by  means  of  heated  copper  and  iron,  but  did 
not  obtain  satisfactory  results  {Proc.  Roij.  Soc,  1897,  62,  204). 

Guye  and  his  colleagues  have  been  working  for  some  time  with  the 
same  end  in  view,  and  have  lately  succeeded  in  analysing  nitrous 
oxide  gravimetrically  and  volumetrically  by  means  of  a  white-hot 
iron  spiral.  In  the  latest  publications  on  the  subject,  the  experi- 
mental details  of  the  analyses  are  described,  and  although  the  results 
are  few,  they  confirm  in  a  striking  manner  the  numerous  values 
determined  from  the  same  and  other  gases  by  physical  measurements 
(Jaquerod  and  Bogdan,  •/.  Chim.  Phys.,  1905,  3,  562  ;  Guye  and 
Bogdan,  ibid.,  537). 

A  more  suitable  gas  for  both  ways  of  determining  the  atomic 
weight  of  nitrogen  is  nitric  oxide.  Its  critical  point  is  low,  and 
therefore  it  deviates  but  slightly  at  the  ordinary  tempei*ature  from 
the  gas  laws.  It  is  also  more  fitted  for  the  exact  estimation  of  the 
ratio  of  the  weights  of  oxygen  and  nitrogen  than  is  nitrous  oxide, 
since  it  contains  the  two  elements  in  approximately  equal  quantities. 

In  this  research,  nitric  oxide  was  employed,  but  owing  to  experi- 
mental difliculties  many  attempts  were  made  before  satisfactory 
results  could  be  obtained.  The  work  was  begun  more  than  two 
years  ago,  and  only  an  outline  of  the  final  processes  is  here 
described. 

Experimental. 

The  Prejjaration  of  Pure  Nitric  Oxide. 

Nitric  oxide,  produced  chemically,  is  invariably  found  to  contain 
nitrogen  and  nitrous  oxide.  Since  it  is  usually  formed  by  the  reduction 
of  a  higher  oxide,  the  occurrence  of  these  impurities  is  not  surprising. 
Their  presence,  however,  has  escaped  the  notice  of  most  observers. 
The  old  method  of  obtaining  the  pure  gas  by  absorption  in  a  solution 
of  a  ferrous  salt  and  expulsion  by  subsequent  heating  is  still  advocated. 
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This  procedure  does  not  eliminate  small  quantities  of  nitrous  oxide  on 
account  of  the  solubility  of  the  latter  iti  water.  This  fact  has  already 
been  pointed  out  (Proc,  1903,  19,  66),  and  probably  accounts  for  the 
want  of  agreement  between  the  results  of  different  workers  for  the 
density  of  the  gas. 

In  this  research,  nitric  oxide  was  obtained  in  a  high  degree  of 
purity  by  submitting  the  liquefied  gas  to  a  special  method  of  fractional 
distillation.  The  tendency  of  the  liquefied  nitric  oxide  to  superheating 
rendered  the  usual  procedure  useless,  and  to  obviate  this  a  device 
similar  to  one  employed  by  Ramsay  and  Travers  for  the  fractiona- 
tion of  liquefied  air  rich  in  argon  {Phil.  Trans.,  1901,  A,  197,  47) 
was  used.  The  crude  gas,  which  was  generated  from  potassium  nitrite, 
potassium  ferrocyanide,  and  acetic  acid  by  the  Van  De venter  method 
{Ber.,  1893,  26,  589),  was  stored  in  a  gas-holder  over  water.  The  gas 
was  next  passed  slowly  through  a  large  volume  of  water,  then  through 
two  Walter  flasks  containing  strong  aqueous  caustic  potash,  and  dried 
before  liquefaction  by  means  of  solid  caustic  potash  and  phosphoric 
oxide.  The  fractionation  was  carried  out  in  two  stages.  The  first 
had  for  its  object  the  removal  of  nitrous  oxide,  the  second  the 
elimination  of  nitrogen. 

Elimination  of  Nitrous  Oxide. 

To  ascertain  whether  a  complete  separation  of  nitrous  oxide  from 
nitric  oxide  was  possible,  the  vapour  pressure  of  the  former  at  the 
boiling  point  of  the  latter  was  measured  and  found  to  be  less  than  0*2 
mm.  (mercury).  Further  experiments  showed  that  the  solid  nitrous 
oxide  was  very  soluble  in  the  liquid  nitric  oxide.  Taking  these  facts  into 
consideration,  the  following  method  of  separation  was  adopted.  The 
crude  dried  gas  was  condensed  in  vessel  A  until  the  latter  was  about  half 
full  of  liquid.  A  was  then  put  into  communication  with  the  vessel  B 
through  the  tube  D,  and  a  fresh  portion  of  the  gas  was  allowed  to 
condense  in  B,  after  it  had  bubbled  through  its  own  liquid  in  A.  By 
raising  or  lowering  vacuum  vessels  containing  liquid  air,  it  was  easy 
to  keep  the  quantity  of  liquid  nitric  oxide  in  A  and  B  nearly  constant 
during  the  distillation.  When  enough  condensed  gas  had  been 
collected  in  B,  the  two-way  stopcock  at  H  was  turned,  so  that  the  gas 
passed  down  the  capillay  tube  K,  and,  after  bubbling  again  through 
its  own  liquid,  solidified  in  vessel  C.  In  this  way  the  gas,  in  passing 
from  A  to  C,  became  progressively  poorer  in  nitrous  oxide.  The  gas  in 
C  was  collected  over  water  in  a  glass  gas-holder.  The  impure  gas  in  A 
was  allowed  to  escape,  and  the  gas  in  B,  with  the  exception  of  the 
last  fraction,  was  distilled  into  A.  By  connecting  the  glass  gas-holder 
with  vessel  A  by  means  of   tubes  containing  solid  caustic  potash  and 
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phosphoric  oxide,  the  process  was  started  a  second  time.  Vessel  B  was 
filled  by  this  means  with  still  purer  liquid,  and  the  gas  solidified  in  G 
was  practically  free  from  nitrous  oxide.  To  carry  out  this  fractionation, 
about  30  litres  of  gas  were  required,  and  a  yield  of  about  10  litres  of  the 
pure  gas  was  obtained.  As  a  gufde  to  the  progress  of  purification,  the 
capillai-y  tube  K  was  observed,  and  when  it  remained  perfectly  trans- 
parent during  the  passage  of  the  gas  the  absence  of  nitrous  oxide  was 
demonstrated. 

Elimination  of  Nitrogen. 

During  the  process  just  described,  the  bulk  of  the  nitrogen  present 
remained  uncondensed  in  vessel  C,  and  was  removed  from  time  to 
time  through  the  Topler  pump.  It  was  soon  found  that  a  propor- 
tion of  this  gas  remained  dissolved  or  occluded  in  the  solidified  nitric 
oxide.  On  account  of  the  solubility  of  nitrogen  in  the  liquefied  nitric 
oxide,  these  traces  were  difiicult  to  eliminate  by  fractionation.  Sub- 
limation of  the  gas  yielded  a  solution  of  this  difficulty.  Under  170 
mm.  pressure,  the  boiling  and  melting  points  of  nitric  oxide  coincide. 
Now,  when  the  gas  is  condensed  below  this  pressure,  the  liquid  phase 
never  comes  into  existence,  and  hence  the  nitrogen  never  has  a  chance 
of  dissolving  or  of  becoming  entangled  in  the  interstices  of  the  solid. 
This  process  was  carried  out  at  the  end  of  the  second  series  of  frac- 
tionations. The  solidified  gas  in  C  was  sublimed  into  another  vessel, 
R,  under  approximately  50  mm.  pressure.  From  time  to  time  the 
nitrogen  was  removed  through  the  Topler  pump. 

The  gas,  after  its  final  purification,  was  stored  in  two  5-litre  bulbs 
which  had  been  previously  completely  exhausted  of  air  by  means  of  a 
Fleuss  pump. 

The  whole  apparatus  was  constructed  of  glass,  and  all  the  junctions 
were  sealed  together  with  the  mouth-blowpipe,  the  stopcocks  were 
specially  made  for  the  work,  and  the  tightness  of  the  whole  was  tested 
from  time  to  time  with  the  pump. 

The  influence  of  definite  quantities  of  impurities  on  the  weight  of 
the  gas  is  shown  in  this  table. 

Change 
iu  atomic 

Impurity.  Amount  present.  Change  in  density.         weight. 

Nitrous  oxide 1  c.c.  per  litre  nitric  oxide     +4'5  parts  per  10,000     +0"013 

Nitric  peroxide  ...         ,,  „  ,,  4-9-4         „  ,,         -)- 0-028 

Nitrogen ,,  „  „  -0-74       ,,  ,,  -0-002 

Nitrous  oxide  is  seen  to  be  a  much  more  serious  impurity  than 
nitrogen,  whilst  the  presence  of  the  same  quantity  of  nitrogen 
peroxide  (calculated  as  N2O4)  would  be  more  than  double  as  dis- 
advantageous. The  latter  gas  is,  however,  so  easily  absorbed  by 
aqueous  caustic  potash,  and  possesses  such  an  extremely  low  vapour 
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pressure  at  the  boiling  point  of  nitric  oxide,  that  its  presence  in  the 
purified  gas  is  very  unlikely. 

Hence,  to  obtain  a  density  determination  correct  to  1  part  in  6000, 
the  gas  must  not  contain  more  than  0'3  c.c.  of  nitrous  oxide  or  more 
than  2-6  c.c.  of  nitrogen  per  litre.  The  purified  nitric  oxide  employed 
in  the  second  series  of  density  determinations  contained  certainly  less 
nitrogen,  and  probably  less  nitrous  oxide,  than  this. 

To  test  the  progress  of  the  fractionation,  small  portions  of  the  gas 
were  removed  from  time  to  time  and  carefully  weighed  at  atmospheric 
temperature  and  pressure  in  a  bulb  of  30  c.c.  capacity.  These  measui-e- 
ments  are  only  relative  and  do  not  represent  the  true  weight  of  the 
gas;  they  are  accurate  to  approximately  O'l  per  cent.,  and  are  only 
expressed  in  grams  per  litre  for  the  sake  of  convenience. 

The  scheme  shows  the  determinations  made  during  the  purification 
of  a  sample  of  gas  which  was  afterwards  used  in  Series  I  for  the 
determinations  of  density. 

Crude  gas  evolved  from  potassium  nitrite,  potassium  ferrocyauide,  and  acetic  acid. 

I 

Purified  by  water  aud  caustic  potash. 

I 

Fractionated. 

Fraction  1.  , ■, ,  Fraction  3. 

Deusity:^  1-3103.  Fraction  2.  Density:^  1-3509. 

l-310b.  I  1-3524. 

I  Refractionated.  | 

Contains  39  per  cent,  of  |  Refractionated. 


nitrogen.  | 

Fraction  4. 
Collected  first. 


Density=  1-3428. 
1  -3424. 


I 
Fractions.  Last  fraction, 

Collected  last.        Density  =  1  -5820. 

I  Nitric  oxide  absorbed 

Density  =  1-3426.   by  ferrous  sulphate. 
1-3413.  I 

Middle  fraction  6,  Remaining  gas  re- 

consisting  of  nearly  pure  gas.       kindled  wood  splinter. 

This  was  fractionated  into  the  Nitrous  oxide, 

density  bulb,  and  the  results  are  expressed  in  Series  I. 

The  densities  are  expressed  in  grams  per  litre  at  0°  and  760  mm., 
but  are  only  relative  values. 


The  Accurate  Determination  of  the  Density  of  Nitric  Oxide. 

The  method  employed  is  similar  to  that  used  by  Ramsay  and 
Travers  in  their  researches  on  the  rare  gases  {Phil.  Trans.,  1901,  A 
197,  47),  the  bulb  used  being  of  about  300  c.c.  capacity.  The 
balance,  which  was  the  best  short  beam  model  manufactured  by 
Sartorius,  rendered  it  possible  to  weigh  the  glass  bulbs  accurately  to 
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0"05  milligram.  To  guard  against  unequal  temperature  changes, 
the  balance  case  was  surrounded  with  a  tin  box  and  the  scale  and 
pointer  were  illuminated  by  a  central  beam  of  light.  The  bulb  was 
counterbalanced  by  a  sealed  counterpoise  of  very  nearly  the  same 
displacement  and  weight.  The  diminution  in  volume  of  the  bulb  on 
exhaustion  was  measured  experimentally  and  a  correction  applied  to 
the  weighings.  The  weights  were  very  carefully  compared  with  each 
other.  To  measure  the  pressure  of  the  gas  in  the  bulb,  a  direct 
reading  manometer  was  constructed  out  of  glass  tubing  of  2-cm. 
internal  diameter.  The  upper  chamber  was  in  connection  with  the 
Topler  pump,  whilst  the  lower  could  be  put  in  direct  communication 
with  the  bulb.  The  pressure  could  be  measured  to  00 3  mm.  The 
whole  apparatus  was  erected  in  a  cellar,  where  the  air  temperature 
remained  very  constant  during  the  day.  The  stone  floor  and  absence 
of  vibration  rendered  possible  accurate  readings  of  the  manometer  with 
a  telescope  and  micrometer  eyepiece.  The  temperature  of  the  gas  was 
reduced  to  0°  by  packing  the  bulb  in  powdered  ice  mixed  with  water. 
The  counterpoise  Avas  always  similarly  treated.  The  bulb  was  attached 
to  the  rest  of  the  apparatus  by  means  of  a  ground  glass  joint  after  the 
method  of  Morley  {Smith.  Contrib.,  1895,  29). 

The  air  and  nitric  oxide  were  removed  from  the  bulb  and  connect- 
ing tubes  with  the  Tiipler^  and  the  apparatus  was  not  regarded  as  com- 
pletely vacuous  until  the  pump  proved  to  contain  no  more  gas  after 
having  been  left  in  communication  with  it  for  several  minutes. 

The  whole  density  apparatus  was  arranged  with  the  object  of 
obtaining  absolute  measurements.  In  the  end,  however,  it  was  con- 
sidered to  be  experimentally  sounder  to  compare  directly  with  one 
another  the  weights  of  nitric  oxide  and  oxygen  filling  the  same  bulb 
under  similar  conditions.  In  this  way,  any  slight  errors  in  the 
method  would  counterbalance  each  other  and  would  be  eliminated. 

In  the  table  of  results,  the  volume  of  the  bulb  at  0°  is  included,  and 
since  the  scale  and  thermometers  were  standardised  the  absolute  weight 
of  the  gas  can  be  deduced.  The  relative  values  only  are  employed  in 
the  subsequent  calculations. 


Nitric    Oxidt 

Weight  of  gas  Pressure  m  mm.  of 

filling  bulb.     Vac.  corr.     mercury  (corrected}. 


Weight  of  gas 
Volume  of    filling  bulb  at  0°  and 
bulb  at  0".       760  mm.  in  Bonn. 


Series  I. 

0 -30902 +  0-00006  gram 

761-33 

267-43  c.c. 

0-35845 

0-35188+      ,, 

746-04 

0  35852 

0-35841+       „ 

759-91 

0-35851 

0-36035+       „ 

764-08 

0-35849 

0-36196+       „ 

767-27 

0-35859 

035768+       „ 

758-27 

0-35856 
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Weight  of  gas 
filling  bulb. 


Vac.  con 


Nitric  Oxide  (continued). 


Pressure  ia  mm.  of 
mercury  (corrected). 

Series  II. 


0-35914 +  0-00006  gram 
0-35903+       ., 
0-35774+       „ 
0-34953+       ,, 


761-47 
761-30 
758-47 
741-11 


Volume  of 
bulb  at  0^ 


267-43  c.n. 


Weight  of  gas 

filling  bulb  at  Q'  and 

760  mm.  in  Bonn. 


0-35851 
0-35848 
0  35852 
0-35850 


ilean  weight  of  nitric  oxide  filling  bulb  at  0'  and  760  mm.  pres- 
sure in  the  Chemical  Institute,  Bonn  


0-35851 


0-37738  +  0-00006  gram 
0-37692+  ,, 
0-38041+  ,, 
0-37907+  ,, 
0-38090+  ,, 
0-37424+       ,, 


Oxygen. 
Series  III. 


750-34 
749-45 
756-43 
753-79 
757-41 
744-09 


267-43  CO. 


Mean  weight  of  oxygen  filling  bulb  at  0"  and  760  mm.  pressure 
in  the  Chemical  Institute,  Bonn  


-38230 
•38229 
-38227 
•38225 
-.38-226 
-38230 


0  •382-28 


Note. — Two  determinations  of  the  density  of  nitric  oxide  were  made  in  London. 
When  corrected  to  lat.  Bonn,  the  numbers  obtained  for  the  weight  of  the  gas  filling 
bulb  under  the  same  conditions  as  above  wei-e  (1)  0^35848  gram  ;  (2)  0^35855  gram. 


Observations  on  the  Results. 

Series  I. — About  20  litres  of  crude  gas  were  distilled  and  nearly 
8  litres  of  the  purified  gas  obtained.  This  product  is  fraction  6  in  the 
scheme  on  p.  1607.  Before  a  determination  it  was  liquefied  once  more, 
and  the  gas  boiled  off  into  the  bulb.  The  numbei's  hence  represent 
the  weights  of  different  fractions. 

Series  II. — For  this  series,  100  litres  of  crude  gas  were  fractionated 
in  the  manner  described  in  the  text.  The  purest  portion  was  re- 
distilled and  the  middle  fraction  from  this  collected.  The  bulb  was 
filled  with  successive  fractions  obtained  by  redistillicg  the  last 
product.  The  numbers  agree  with  one  another  within  the  limits 
of  experimpntal  error,  and  the  gas  was  probably  very  nearly 
pure. 

Series  III. — These  determinations  were  made  with  oxygen,  evolved 
by  heating  pure  recrystallised  potassium  permanganate.  The  gas  was 
purified  and  dried  by  passage  over  soda-lime  and  phosphoric  oxide. 

One  calculates  from  the  mean  results  for  the  weights  of  nitric  oxide 
and  oxygen  tilling  the  bulb  at  0°  and  760  mm. 
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I.  Using  Rayleigli's  figure  for  the  weight  of  a 

litre  of  oxygen  at  0°  and  760  mm.,  lat.  45°. 

The  weight  of  a  litre  of  nitric  oxide  under  the 

35851  X  1-42905  ,  o.a.-) 

same  conditions  =  1-3402  gi-ams. 

oo22o 

*  II.  The      molecular      weight     of     nitric     oxide 

35851  X  32  _  3^.0^^ 

38228 

III.  The  exact  molecular  weight  of  nitric  oxide, 

using  the  results  of  Jaquerod  and  Scheuer 
for  the  relative  compressibilities  of  nitric 
oxide  and  oxygen  {Bull.  Soc.  chim.,  1905, 
[iii],  33—34,  44  30-004 

IV,  The  exact  molecular  weight  of  nitric  oxide 

by  reduction  to  0°  of  the  critical  constants 

(Guye,  same  as  above) 30-008 

Hence  one  arrives   at   the  physical  value  for  the  atomic  weight 
of  nitrogen. 

I.  Method  of  limiting  densities  1 4*004 

II.  Reduction  of  the  critical  constants     14-008 

Mean     14-006 


The  Analysis  of  Nitric  Oxide. 

For  the  purposes  of  accurate  work,  the  usual  method  of  estimating 
nitric  oxide  by  measurement  of  the  nitrogen  evolved  when  the  gas  is 
passed  over  heated  copper  or  iron  is  unsuitable.  Many  experiments 
on  its  analysis  were  made  in  a  closed  bulb  containing  spirals  of  differ- 
ent metals  which  could  be  electrically  heated.  Copper  was  soon 
abandoned,  as  it  oxidised  too  slowly  and  was  difficult  to  manipulate. 
Iron  promised  better,  but  even  the  purest  samples  procurable  yielded 
on  combustion  in  nitric  oxide  a  gas  condensable  in  liquid  air.  The 
latter  was  not  carbon  dioxide  and  was  probably  cyanogen,  produced 
from  the  carbon  in  the  metal.  The  difficulty  of  obtaining  pure  iron  in 
the  form  of  wire  prevented  further  attempts  in  this  direction. 
Nickel  wire  answered  no  better  than  copper.  A  decomposition  by 
means  of  pure  phosphorus  was  also  tried,  but  the  experimental  difficul- 
ties proved  too  great. 

The   method    finally  worked    out    was   suggested   by   a    paper    by 

*  The  compressibility  of  nitric  oxide  has  not  been  determined.  The  values  used 
in  a  preliminary  notice  (Proc,  1905,  21,  156)  were  those  of  Leduc. 
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Sabatier  and  Senderens  {Comjjt.  rend.,  1892,  114,  1429)  on  the 
chemical  action  of  finely  divided  nickel,  cobalt,  iron,  and  copper 
on  nitric  oxide.  In  this  state  of  aggregation,  nickel  is  apparently 
more  chemically  reactive  than  the  other  three  metals  and  was  hence 
selected.  When  heated  in  the  gas,  the  metal  ignites  below  redness  and 
combines  with  incandescence  to  form  the  green  modification  of  nickel 
oxide.  As  is  well  known,  nickel  in  this  form  is  apt  to  contain  a  con- 
siderable amount  of  hydrogen  gas  which  is  occluded  during 
i^eduction  from  the  oxide. 

The  preliminary  experiments  proved  : 

(1)  That  all  the  hydrogen  occluded  was  evolved  by  heating  the 
finely  divided  metal  to  dull  redness  in  a  high  vacuum,  and  the  nickel 
so  treated  did  not  lose  its  power  of  decomposing  nitric  oxide 
completely, 

(2)  That  the  gas  left  after  the  decomposition  consisted  solely 
of  nitrogen. 

There  remained,  however,  three  other  possibilities  of  error, 

(3)  The  chemical  combination  of  the  nitrogen  with  the  nickel 
to  form  a  nitride, 

(4)  The  occlusion  of  nitrogen  by  the  mixture  of  nickel  oxide  and 
nickel  remaining  after  combustion. 

(5)  The  presence  of  impurities  such  as  carbon  and  sulphur  in  the 
nickel. 

Now  Beilby  and  Henderson  have  shown  (Trans.,  1901,  79,  1251) 
that  nickel  nitride  formed  by  the  action  of  ammonia  on  the  oxide  is 
only  stable  at  temperatures  below  600°.  During  the  decomposition  of 
nitric  oxide,  it  is  improbable  that  this  compound  is  formed.  If,  how- 
ever, it  came  into  existence  at  all,  it  would  be  immediately  destroyed 
by  the  high  temperature  produced  during  incandescence. 

The  occlusion  of  nitrogen  is  a  more  serious  diflficulty.  The  first 
results  for  the  atomic  weight  which  this  method  gave  approximated 
to  1393.  An  examination  of  the  mixture  of  nickel  oxide  and 
nickel  showed  that  it  contained  nitrogen  which,  at  the  ordinary  tem- 
perature, could  not  be  removed  by  the  Topler  pump.  The  mixture, 
on  heating  to  redness  under  diminished  pressure,  gave  off  gas.  Since 
further  heating  to  whiteness  caused  the  evolution  of  no  more  nitrogen, 
the  removal  of  all  the  occluded  gas  present  was  believed  to  have  been 
completed.  Experiments  were  made  by  heating  a  mixture  of  nickel 
and  nickel  oxide  in  nitrogen,  when  no  gas  was  absorbed  which  at  the 
ordinary  temperature  could  not  be  removed  by  pumping. 

For  occlusion  to  take  place  it  appeared  necessary  that  nitrogen 
should  be  in  the  atomic  state.  The  fineness  of  division  of  the  nickel, 
and  hence  that  of  the  oxide,  also  exerted  an  influence  on  the  quantity 
of  gas  occluded. 
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To  ensure  the  absence  of  other  elements,  the  nickel  was  very  care- 
fully purified.  A  sample  obtained  from  the  Mond  Nickel  Company, 
containing  99'5  per  cent,  of  pure  metal,  was  brought  into  solution  and 
deposited  electrolytically  on  a  platinum  cone,  and  this  process  was 
thrice  repeated.  The  purified  metal  was  converted  into  the  oxide  by 
heating  its  nitrate,  and  reduced  to  metal  again  by  a  stream  of  pure 
hydrogen  in  a  nickel  crucible  at  a  temperature  below  400°. 

In  the  preliminary  experiments,  the  nitric  oxide  and  the  oxygen 
fixed  by  the  nickel  were  alone  weighed.  This  gave  the  atomic  weight 
from  the  ratio  NO/O2.  In  the  later  determinations  it  was  found 
possible  to  weigh  the  nitrogen  as  well  as  the  ox3'gen  and  nitric  oxide, 
and  thus  to  make  a  complete  analysis  of  the  gas. 


Fig.  2.-'ApparafHS  used  for  the  comxihte  grarhnetric  analyi^i^  of  nifrir  oxide.. 


To  absorb  the  nitrogen.  Sir  James  Dewar's  method  of  cocoa-nut 
charcoal  cooled  in  liquid  air  was  used  {Compt.  rend.,  1904,  139,  261). 
By  this  means,  the  gas  could  be  entirely  removed  from  the  combustion 
bulb  in  a  few  minutes. 

The  apparatus  employed  is  illustrated  in  the  accompanying  diagram. 
Into  the  neck  of  the  combustion  bulb,  ^,  was  fitted  a  carefully  ground 
glass  stopper,  B,  carrying  two  thick  (2  mm.  diam.)  platinum  electrodes, 
E  E.  Fused  to  the  stopper  were  a  capillary  tube  and  a  stopcock 
joined  to  a  capillary  ground  glass  joint,  D.  Attached  to  the  electrodes 
were  leads  of  thick  nickel  wire  supporting  a  small  porcelain  boat, 
H.     About  75  cms.  of  fine  pi  itinum  wire  were  evenly  wound  around 
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the  whole  length  of  the  boat  and  connected  with  the  nickel  leads. 
By  this  arrangement,  the  boat  and  its  contents  could  be  raised  to  any 
desired  temperature  by  passing  an  electric  current  through  the 
electrodes  E  E. 

By  means  of  a  shoi't  length  of  capillary  glass  tubing,  the  bulb  A 
was  connected  with  the  nitrogen  absorption  bulb,  M.  The  latter,  which 
was  filled  with  powdered  cocoa-nut  charcoal,  was  connected  by  means 
of  a  second  ground  capillary  joint,  K,  with  the  rest  of  the  apparatus. 
A  stopcock,  P,  led  to  a  tube  connected  on  the  one  side  with  the  Topler 
pump  and  on  the  other  with  the  storage  bulbs  containing  the  nitric 
oxide.  The  capacity  of  the  bulb  A  was  about  300  c.c,  whilst  that 
of  M  was  about  100  c.c. 

In  carrying  out  an  experiment,  all  the  air  was  first  completely 
pumped  out  of  bulb  A.  The  boat  containing  the  finely  divided 
nickel  was  next  heated  to  dull  redness  until  no  more  gas  came  off 
through  the  pump. 

The  combustion  bulb  A — being  now  completely  evacuated,  and  the 
nickel  freed  from  moisture  and  hydrogen — was  hung  on  the  balance 
and  found  to  weigh  Wj  grams.  On  again  connecting  this  bulb  with 
the  apparatus,  pure  nitric  oxide  was  compressed  into  A  under  a 
pressure  of  nearly  two  atmospheres.  To  do  this  it  was  only  necessary 
to  evacuate  the  connecting  tubes,  close  the  stopcock  leading  to  the 
pump,  and  open  that  communicating  with  the  storage  bulbs  and 
fractionating  vessels.  A  second  weighing  gave  the  weight  W^  of  the 
bulb  full  of  nitric  oxide.  The  nickel  was  now  ignited  and  the  gas 
decomposed.  This  process  lasted  usually  about  two  minutes,  but  in 
order  to  ensure  the  decomposition  of  the  last  traces  of  the  gas,  the 
boat  and  its  contents  were  kept  at  bright  redness  for  about  a  quarter 
of  an  hour  longer.  After  combustion,  the  precaution  was  often  taken 
of  again  weighing  the  bulb.  This  weight,  W3,  should  be  the  same  as 
Wg  after  correcting  the  latter  for  the  increased  displacement  of  the 
bulb  due  to  its  high  internal  pressure.  The  final  step  in  the  ex- 
periment was  carried  out  by  surrounding  the  bulb  M,  the  \veight  X^ 
of  which  had  previously  been  ascertained,  with  liquid  air,  and 
allowing  the  nitrogen  in  bulb  A  to  transfer  itself  to  bulb  B.  When 
this  process  was  completed,  the  occluded  gas  was  disengaged  from  the 
contents  of  the  boat  by  gentle  glowing. 

The  whole  of  the  last  operation  occupied  about  thirty  minutes.  At 
the  end  of  this  period,  the  total  absence  of  gas  in  the  combustion  bulb 
could  be  proved  by  the  Topler  pump.  The  two  bulbs  A  and  M  were 
now  weighed  for  the  last  time.  If  W^  and  Xg  represent  these 
respective  weights,  the  complete  analysis  of  the  gas  is  expressed 
by  the  following  differences  : 
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The  difference  Wo- 

-w, 

is  the 

weight  of  the  nitric  oxide 

„       w. 

-Wj 

)) 

oxygen. 

„          X, 

-X, 

„ 

,,            „       nitrogen. 

To  the  first  difference,  a  small  correction  for  the  alteration  in 
volume  of  the  bulb  with  changing  pressvire  has  to  be  added ;  this 
increment  was  experimentally  measured. 

From  these  results,  three  values  for  the  atomic  weight  of  nitrogen 
were  calculated  from  the  three  ratios  NO/O^,  NO/Ng,  Ng/Og. 

In  using  the  apparatus  just  described,  several  sources  of  error  had 
to  be  considered. 

(1)  During  combustion,  bulb  A  had  to  be  cooled  by  a  constant 
stream  of  water.  It  was  on  this  account  liable  to  lose  weight.  To 
test  this  point,  the  weight  Wg  of  the  bulb  before  combustion  was 
compared  with  the  weight  Wg  after  the  complete  decomposition  of  the 
gas.  It  was  found  that  when  the  counterpoise  had  been  treated  with 
running  water  in  a  similar  manner  to  the  bulb,  no  appreciable 
difference  between  the  two  weights  could  be  detected. 

(2)  By  the  combustion  of  a  small  quantity  of  the  lubricant  on  the 
ground  stopper,  another  error  might  easily  have  been  introduced.  In 
the  later  experiments,  this  possibility  was  eliminated  by  lubricating  the 
lower  half  of  the  stopper  with  metaphosphoric  acid,  and  the  upper 
half  with  molten  paraffin  wax.  Experiments  not  described  here  have 
recently  been  made  without  a  ground  stopper,  in  a  sealed  bulb  of 
rather  larger  dimensions.  The  results  are  the  same  as  those  obtained 
with  the  apparatus  described  in  the  text. 

(3)  The  experiments  could  easily  have  been  vitiated  by  leakage  of 
air  into  the  bulbs  through  faulty  stopcocks  and  ground  joints.  Every 
precaution  was  taken  to  prevent  this  and  the  tightness  of  the  taps 
and  junctions  was  frequently  tested  by  the  pump. 

(4)  Before  weighing,  care  was  taken  to  remove  every  trace  of  grease 
from  those  parts  of  the  ground  joints  which  were  attached  to  the 
bulbs.     This  was  easily  done  by  means  of  a  rag  moistened  with  ether. 

In  considering  the  effect  of  impurities  in  the  nitric  oxide  on  the 
results  of  the  analysis,  it  should  be  noticed  that  in  whatever  way  the 
atomic  weight  is  calculated,  its  magnitude  always  depends  on  that  of 
the  ratio  Ng/Og.  Hence,  supposing  the  other  sources  of  error 
eliminated,  the  result  obtained  if  the  gas  contains  nitrous  oxide  and 
nitrogen  will  be  too  large,  for  the  presence  of  both  these  gases 
increases  the  relative  quantity  of  nitrogen.  On  the  other  hand,  the 
density,  and  hence  the  physical  atomic  weight,  is  influenced  by  the 
same  two  impurities  in  opposite  directions.  A  comparison  of  the 
following  table  with  the  one  on  page  1606  shows  the  relative  sizes  of 
the  errors  in  the  two  cases  : 
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Impurity.  Amount  present.  Change  in  atomic  weight. 

Nitrous  oxide  1  c.c.  per  litre  +0'014 

Nitrogen  „  „  +0-028 

It  is  at  once  apparent  that  the  presence  of  nitrogen  forms  the  chief 
source  of  error  in  this  case,  and  that  to  obtain  the  same  degree  of 
accuracy  the  nitric  oxide  must  be  in  a  much  higher  state  of  purity. 
To  obtain  this,  the  gas  was  subjected  to  one  more  fractionation  and 
one  more  sublimation  in  each  experiment  before  filling  the  combustion 
bulb. 

There  was  no  method  of  estimating  the  degree  of  purity  of  this 
product.  When  sublimed  into  an  empty  bulb  cooled  in  liquid  air  and 
connected  with  a  delicate  oil  gauge,  the  vapour  pressure  exei'ted  by  the 
solid  did  not  diminish  even  after  prolonged  pumping.  It  is  therefore 
probable  that  the  gas  contained  very  little  nitrogen.  Inconsequence, 
however,  of  the  possible  presence  of  small  traces  of  impurity,  the  results 
obtained  are  likely  to  be  a  little  too  high. 

It  has  already  been  stated  that  the  gas  produced  by  the  decomposi- 
tion of  nitric  oxide  was  found  to  consist  of  pure  nitrogen. 

Qualitative  tests  having  failed  to  detect  traces  of  nitric  oxide,  carbon 
dioxide,  or  ammonia,  the  density  of  the  gas  was  determined.  This  was 
done  by  collecting  the  gas  which  remained  after  decomposition  in  the 
combustion  vessel  A  in  an  empty  density  bulb.  The  latter  was  con. 
nected  with  the  apparatus  in  the  place  of  the  charcoal  bulb  M,  and 
was  arranged  so  that  it  could  be  cooled  with  liquid  air.  The  nitrogen 
from  several  experiments  was  collected  in  this  way  and  its  density 
compared  dii-ectly  with  that  of  oxygen. 

Weight  ot  Weight  of 

nitrogen  tilling  bulb  at  oxygen  filling  bulb  at 

Expt.           10"  and  760  mm.  10°  and  760  mm. 

1.                 0-32286  0-36889 

11.                 0-32275  0-36879 


Mean 0-32280  0-36884 

Hence  one  obtains  the  following  numbers  : 

Direct  comparison.  Limiting  densities. 

The  atomic  weight  of  nitrogen  ...      14-003  14-008 

The  compressibilities  of  oxygen  and  nitrogen  as  determined  by  Ray- 
leigh  are  used  to  calculate  the  limiting  density  value,  and  the  numbers 
obtained  are  practically  the  same  as  those  published  by  this  author  in 
Proc.  Roy.  S'oc,  1904,  73,  153. 
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Exp. 

I. 

II. 


III. 


Results  obtained  by  the  Analysis  of  N^itric  Oxide. 

Series  I. — Nickel  obtained  from  Pure  Oxide  purchased  from 
Mar  quart  <£■•  Co. 

1  gram  of  oxide  occluded  0 "00056  gram  of  nitrogen. 

Weight  of  Weight  of    Correction      Weight  of 
nitric  oxide       oxygen    in  grams  for  oc-  nitrogen  Atomic  weight,  ratio 

decomposed.       found,     chided  nitrogen,  found.  , '- ^ 

Gram.  Gram.  Gram.  Gram.  NO  :  Oo.  No  :  O2.  NO  :  Nj. 

0-31384  0-16773         0-00044    not  determined    14-016         —  — 

0-64304  0-34390         0-00090  0-299-20  13-996     13-999     14-001 

Nickel  purified  by  electrolysis  as  described,  1  gram  of  oxide  occluded 
0-00078  gram  of  nitrogen. 


0-27125 


0-00100   not  determined    14-000 
Mean 


14-002 


In  this  set  of  experiments,  the  nitrogen  occluded  in  the  nickel  oxide 
Avas  not  expelled  by  heating,  but  was  afterwards  determined  and  a 
correction  applied. 


Series  II. — Mond  Nickel  purified  by  Electrolysis. 


Weight  of 


nitric  oxide 

Weight  of 

Weight  of 

Atomic  weight. 

decomposed. 

oxygen  found. 

nitrogen  found. 

Exp. 

Gram. 

Gram. 

Gram. 

NO  :  O2. 

N.3  :  0,. 

NO  :  N 

I. 

0-54829 

0-29221 

not  determined 

14-022 



II. 

0-61862 

0-32981 

0-28885 

14-011 

14-013 

14-015 

III. 

0-62622 

0-33401 

0-29234 

13-998 

14-004 

14-009 

IV. 

0-62128 

0-33111 

not  determined 

14-021 





V. 

0-54469 

0-29029 

0-25432 

14-009 

14-017 

14-014 

VI. 

0-52001 

0-27715 

■    0-24270 

14-020 

14-011 

14-003 

VII. 

0-62103 

0-33103 

0-28998 

14-017 

14-012 

14-011 

Mean 14-013 

Mean  of  both  series,  giving  each  result  an  equal  value I4-OIO 

The  Accuracy  of  the  Residts. 

The  actual  maximum  errors  of  measurement  do  not  in  the  great 
majority  of  experiments  affect  the  atomic  weight  by  more  than 
l/2700th  part.  The  accuracy  of  the  method  is  best  estimated  by 
examining  the  I'esults,  In  Series  II,  where  the  greatest  deviation  is 
exhibited,  the  maximum  and  minimum  results  differ  from  one  another 
by  l/600th  part  and  from  the  mean  by  l/1500th  'and  1/lOOOth  part 
respectively. 

The  majority  of  the  numbers  agree  much  more  closely,  1 1  out  of  the 
17  showing  only^T  maximum  [difference^  from' each  other  of  l/1700th 
part  and  of  +  l/3500th  part  from  the  mean. 
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The  mean  result  is  in  no  way  affected  by  the  inclusion  of  the 
extreme  figures,  for  if  the  11  results  only  are  used  in  calculation,  the 
same  value  for  the  average  atomic  weight  is  still  obtained. 

In  estimating  the  final  figure  for  the  results  of  gravimetric  analysis, 
Series  I  has  been  included. 

The  figures  are  probably  a  little  too  low,  but  since  this  cannot  be 
attributed  to  any  definite  experimental  error  they  have  been  reckoned 
with  the  others. 

It  is  believed  that  the  number  representing  the  average  result  for 
the  two  series  is  correct  to  at  least  l/2000th  part. 

The  True,  Atomic  Weight  of  Nitrogen. 

Now  the  results  obtained  for  the  atomic  weight  by  the  two  methods 
are  : 

I.  The  physical  or  static    14-006 

II.  The  chemical  or  dynamic '. 14010 

The  agreement  between  the  two  values  is  remarkable,  and  one  is 
forced  to  the  conclusion  that  they  both  lie  very  near  to  the  correct 
number. 

To  arrive  at  a  nearer  approximation  to  the  true  atomic  weight  of 
nitrogen  from  the  results  of  this  paper,  one  has  the  following  data  : 

I.  From  the  density   of  nitric   oxide 
connected      by       two      different 

methods,  as  described    12  results         14*006 

II.  From  the  density  of  nitrogen  gas 
obtained     in     the      gravimetric 

analyses,  corrected  as  described .  2        „  14'008 

III.  From  the  gravimetric  analysis  of 

nitric  oxide     22        „  14-010 

Giving  each  individual  result  an  equal  value,  one 
obtains  for  the  final  atomic  weight  of  nitrogen     14-0085 

Now  if  one  summarises  all  the  results  obtained  by 
Guye  and  his  colleagues  in  their  comprehensive  research 
(Bull.  S'oc.  chim.,  1905,  [iii],  33—34,  44)  and  leaves  my 
own  results  out  of  account,  one  obtains  for  his  atomic 
weight  of  nitrogen     14-0090 

The  agreement  between  his  value  and  my  own  is  striking.  The 
difference  shown  by  the  two  numbers  is  less  than  the  l/25,000th  part. 

There  can  now  remain  no  reasonable  doubt  as  to  the  true  atomic 
weight  of  this  element,  considering  that  two  independent  workers, 
experimenting    in    different    countries,  with    different  compounds   of 
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nitrogen,  have  by  distinct,  although  similar,  methods  arrived  at  the 
same  conclusion.  The  true  atomic  weight  of  nitrogen  correct  to  two 
places  of  decimals  is,  therefore, 

14-01. 

As  a  logical  deduction,  it  follows  that  the  work  of  Stas  and  others 
contains  a  systematic  error,  the  cause  of  which  still  awaits  explanation. 

An  attempt  in  this  direction  has  been  made  by  Guye  in  the  paper 
already  quoted.  By  a  calculation  of  the  probable  accuracy  of  the 
results  determined  by  different  experimental  methods  and  by  a  con- 
sideration of  the  change  produced  in  the  magnitude  of  many  molecular 
equivalents  by  the  new  value  for  nitrogen,  this  author  has  arrived  at 
the  conclusion  that  the  present  atomic  weight  of  silver  is  incorrect. 
The  correct  number  is  believed  by  him  to  lie  between  107'871  and 
107"895,  and  the  figure  107'885  is  proposed  as  the  most  probable 
mean  value. 

Without  attempting  to  discuss  the  relative  worth  of  the  experi- 
mental results  selected  for  calculation  by  this  investigator,  it  must  be 
pointed  out  that  the  following  researches  are  difficult  to  reconcile 
with  his  views.  The  work  of  Marignac  has  been  mentioned  already, 
but  the  number  for  nitrogen  quoted  is  the  mean  furnished  by  three 
different  ratios.  If  only  that  set  of  experiments  is  considered  in  which 
Marignac  himself  placed  the  most  confidence,  namely,  that  from  the 
conversion  of  silver  into  silver  nitrate,  the  relative  atomic  weights  of 
the  two  elements  concerned  are  expressed  by  the  numbers  107 "9 3  and 
14"010.  The  work  is  now  rather  out  of  date,  but  the  results  for  nitrogen 
are  remarkable  and  are  not  easy  to  explain  by  Guye's  hypothesis. 

Stas'  determination  of  the  combining  proportions  of  silver  and 
chlorine  has  recently  been  repeated  by  Richards  and  Wells  in  the 
paper  mentioned.  Several  errors  in  the  original  method  have  been 
corrected  and  the  investigation  has  evidently  been  carried  out  with 
extreme  care.  The  mean  of  ten  determinations  gave  for  the  ratio  of 
Ag :  AgCl  the  numbers  100  :  132'867,  and  when  the  atomic  weight  of 
chlorine  is  known  a  new  calculation  of  that  of  silver  is  thus  rendered 
possible. 

Now  the  constant  for  chlorine  deduced  from  the  results  of  Leduc 
{Ann.  Chim.  Phys.,  1898,  [vii],  15,  1)  on  hydrogen  chloride  by  the 
methods  of  D.  Berthelot  and  Guye  {loc.  cit.)  is  35-475,  and  that 
obtained  from  a  new  gravimetric  synthesis  of  the  same  gas  just 
announced  by  Dixon  and  Edgar  {Froc.  Roy.  Soc,  1905,  A,  76,  250), 
35-463.  The  atomic  weight  of  silver  calculated  by  means  of  these 
values  from  the  ratio  in  question  is  : 

(1)  From  the  physical  value  for  chlorine      107-93 

(2)  „  chemical  „  „  107-90 
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Hence  the  correctness  of  the  accepted  value  for  silver  is  rendered 
probable  if  the  above  numbers  for  chlorine  are  regarded  as  trust- 
worthy. On  the  other  hand,  if  Guye's  number  for  silver,  namely, 
107"88,  is  assumed  correct,  the  same  ratio  furnishes  the  number 
35*454  for  the  atomic  weight  of  chlorine,  a  result  practically  the  same 
as  that  found  by  Stas  when  the  higher  value  for  silver  was  employed. 
The  problem,  therefore,  of  the  true  atomic  weight  of  silver,  if  the  work 
of  Richards  and  Wells  is  accepted  as  unimpeachable,  resolves  itself 
into  determining  which  of  the  three  numbers 

Leduc.  Dixon  and  Edgar.  Stas. 

35-475  35-463  35-456 

most  accurately  represents  the  atomic  weight  of  chlorine.  The  value 
which  is  experimentally  the  soundest  and  which  merits  the  highest 
confidence  is  the  middle  one,  for  its  accuracy  depends  only  on  that  of 
the  atomic  weight  of  hydrogen,  and  this  number  has  been  fixed  with 
great  exactness  by  numerous  researches.  The  work  of  Scott,  how- 
ever (Trans.,  1901,  79,  147),  confirms  the  higher  number.  This 
investigator  measured  the  ratios  of  ammonium  bromide  and  ammonium 
chloride  to  silver.  Two  series  of  six  experiments  were  made  with  the 
ammonium  bromide,  and  when  the  atomic  weight  of  silver  was  taken 
as  107-93  the  equivalent  number  found  for  this  compound  was  97-995. 
Further,  on  assuming  the  figures  1-0076  and  79-955  for  the  respect- 
ive atomic  weights  of  hydrogen  and  bromine,  the  value  14010  was 
obtained  from  this  equivalent  for  the  atomic  weight  of  nitrogen. 
Now,  when  it  is  considered  that  this  number  is  very  close  to  the 
mean  result  of  Guye's  experiments  and  my  own,  one  is  forced  to  con- 
clude, taking  the  ratio  of  Kichards  and  Wells  into  account,  that  the 
true  atomic  weights  of  silver,  chlorine,  and  nitrogen  are 

107-93  35-475  and  14*010. 

Another  confirmation  of  these  numbers  is  furnished  by  Scott's 
ammonium  chloride  to  silver  ratio.  The  equivalent  number  for  this 
compound  derived  fi'om  the  mean  of  three  experiments  was  53*516 
(Ag=  107-93). 

If  ammonium  is  taken  as  18-04  (N=  14-01,  H  =  1-0076),  the  atomic 
weight  of  chlorine  found  by  subtraction  is  35*476,  and  hence  this 
ratio  gives  the  same  three  values  for  the  atomic  weights  of  silver, 
chlorine,  and  nitrogen. 

It  is  therefore  probable  that  the  true  atomic  weight  of  chlorine  lies 
between 

35*475         and         35*463, 

and  that  of  silver  between 

107-93  and       107*90, 
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but,  until  further  measurements  have  been  made,  the  atomic  weights 
of  these  elements  must  be  regarded  as  uncertain  to  several  hundredths 
of  one  per  cent. 

In  conclusion,  it  may  be  stated  that  the  results  of  recent  work 
prove  unmistakably  that  the  present  number  for  the  atomic  weight  of 
nitrogen  is  too  high.  At  the  same  time,  the  accuracy  claimed  by 
Stas  for  his  atomic  weight  of  chlorine  is  rendered  improbable,  whilst 
the  number  obtained  by  him  for  the  atomic  weight  of  silver  is  con- 
firmed. Guye's  explanation  of  the  results  for  nitrogen  obtained  by 
this  illustrious  investigator  is  difficult  to  accept  entirely,  and  the  true 
origin  of  this  error  still  remains  to  be  demonstrated  experimentally. 

In  conclusion,  I  w^ish  to  offer  my  sincere  thanks  to  Professor 
Richard  Anschlitz,  Director  of  the  Chemical  Institute  in  Bonn,  for 
his  kindness  in  giving  me  every  possible  facility  in  his  laboratory  for 
carrying  out  the  work.  I  also  desire  to  express  my  indebtedness  to 
Sir  William  Ramsay  for  much  encouragement  and  advice  during  the 
progress  of  the  research. 

The  Chejucal  Institute, 
Bonn. 


CLIX. —  Contributions  to  our  Knowledge  of  the 
Aconite  Alkaloids.  Part  XVI.  Indacoiiitine,  the 
Alkaloid  of  Aconitum  Chasnianthum. 

By  Wyndham  Rowland  .Dunstan,  F.R.S.,  and  Albert  Edw'akd 
Andrews,  Salters'  Company's  Research  Fellow. 

The  present  communication  relates  to  a  new  alkaloid  which  has  been 
separated  from  the  roots  of  an  aconite  indigenous  to  India  which,  for 
some  time,  was  supposed  to  be  the  European  Aconituvi  Na^ellus,  but 
is  now  known  to  be  a  distinct  species. 

The  plant  grows  abundantly  in  certain  districts  of  India,  where  it  is 
known  to  the  natives  as  "  Mohri,"  and  is  recognised  as  highly 
poisonous  and  valuable  medicinally.  The  roots  of  the  plant,  which 
formed  the  starting-point  of  the  investigation,  are  smaller  than  those 
of  the  ordinary  Aconitum  Napellus,  being  usually  not  more  than 
an  inch  in  length.  They  are  dark  in  colour,  taper  to  a  point,  and 
present  a  number  of  protuberances  in  the  form  of  broken  rootlets. 
Several  collections  of  these  roots  have  been  made  for  the  Imperial 
Institute  at  the  instance  of  the  Government  of  India  by  Sir  George 
Watt,  the  Repoiter  on  Economic  Products,  and  later  by  Mr.   I.  H. 
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Burkill.  The  botanical  description  and  identification  of  the  plant  has 
been  undertaken  by  Mr.  Briihl  in  India,  by  M.  Goris  in  Paris,  and 
by  Dr.  Stapf,  of  Kevv.  Briihl  regarded  the  plant  as  a  variety  of 
Aconitum  Napellus,  and  proposed  for  it  the  name  of  Aconitum  Naj)ellus, 
var.  hians.  Stapf,  however,  has  come  to  the  conclusion  that  it  is  a 
distitict  species,  for  which  he  suggests  the  name  Aconitum  chas- 
manthum. 

The  alkaloid  which  has  been  obtained  from  the  plant  and  is  described 
in  the  present  paper  proves  to  be  exceptionally  interesting,  since 
it  represents  a  compound  intermediate  between  the  aconitine  of  the 
European  Aconitum  Nwpellus  and  the  pseudaconitine  of  the  Indian 
Aconitum  ferox,  or  deinorrhizum  (Stapf).  To  this  alkaloid  we  have 
assigned  the  name  indaconitine. 

I  ndaco  nitine  . 
Extraction  of  the  Alkaloid. 

The  process  adopted  for  the  separation  of  the  alkaloid  is  as 
follows  : 

The  root  is  finely  powdered  and  the  alkaloid  cjmpletely  exti-acted 
from  it  by  percolation  at  the  ordinary  temperature  with  a  mixture  of 
methyl  and  amyl  alcohols,  in  the  proportion  of  about  five  of  the 
former  to  one  of  the  latter.  The  methyl  alcohol  is  separated  from  the 
percolate  by  distillation  under  reduced  pressure,  and  the  amyl  alcohol 
containing  the  extracted  matter  is  transferred  to  a  separatory  funnel 
and  repeatedly  agitated  with  dilute  hydrochloric  acid,  which  is  then 
thoroughly  washed  with  ether  to  remove  any  amyl  alcohol  or  other 
extractable  matter.  The  alkaloid  is  then  fractionally  precipitated 
from  the  aqueous  liquid  by  the  addition  of  dilute  ammonia,  extracted 
as  completely  as  possible  by  ether,  and  then  finally  with  chloroform. 

The  ethereal  solution  is  well  washed  with  water  to  remove  any 
traces  of  alkali,  dried  with  calcium  chloride,  and  evap  irated  to  a  small 
volume,  when  crystals  of  the  base  are  readily  depo.-ited,  usually  in 
large,  irregular  rosettes. 

Properties  of  Tndacon  itiae. 

Indaconitine  is  soluble  in  acetone,  chloroform,  alcohol,  or  ether, 
but  practically  insoluble  in  light  petroleum  or  watei\ 

By  the  addition  of  light  petroleum  to  a  solution  of  the  base 
in  alcohol,  chloroform,  or  ether,  well-defined  crystals  may  be  readily 
Ov^tained. 

The  alkaloid  is  best  purified  through  its  hydrobromide,  which, 
if  nearly  pure,  can  be  readily  crystallised  from  water  or  by  adding  dry 
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ether  to  an  alcoholic  solution.  The  pure  alkaloid  is  then  regenerated 
from  the  salt  and  crystallised  from  ether,  when  it  is  usually  obtained 
in  masses  of  fine,  white  needles. 

A  peculiar  property  of  indaconitine  which  sharply  distinguishes 
it  from  aconitine  is  its  ca2)ability  of  crystallising  in  several  forms  from 
the  same  solvent.  The  crystalline  form  appears  to  depend  on  the 
purity  of  the  substance  and  on  the  strength  of  the  solution.  By 
rapid  crystallisation,  the  base  is  deposited  from  ether  in  rosettes 
of  needles,  but  if  allowed  to  crystallise  slowly,  or  if  the  substance  is 
not  quite  pure,  it  is  obtained  as  transparent,  hexagonal  prisms  or  large, 
irregular  masses.  If  a  somewhat  concentrated  solution  is  decanted 
from  a  flask,  the  indaconitine  crystallises  on  the  sides  either  in  a 
characteristic  fern-like  form  or  in  thin,  circular  layers  of  silky 
needles. 

Indaconitine  crystallises  vincombined  with  its  solvent. 

0-184  lost,  at  105°,  00004  =  0-22  per  cent. 

The  melting  point  of  indaconitine,  if  immersed  in  the  bath  at  150'^ 
and  the  temperature  slowly  raised,  is  202 — 203°, 

When  potassium  permanganate  solution  is  added  to  an  aqueous 
solution  of  indaconitine  sulphate  acidified  with  acetic  acid,  a  crystalline 
permanganate  is  obtained  as  with  aconitine  (Dunstan,  Pharm.  J.,  1896, 
[iv],  2,  122),  but  the  crystals  are  smaller  and  decompose  more  readily 
than  the  permanganate  of  the  latter  alkaloid. 

Crystallographically,  indaconitine  very  closely  resembles  aconitine, 
and  on  further  investigation  may  prove  to  be  isomorphous. 

Siyecijic  Rotation  of  Indaconitine. — An  alcoholic  solvition  of  indaconi- 
tine, like  aconitine,  is  dextrorotatory. 

The  following  determinations  were  made  with  different  specimens 
of  alkaloid  using  Laurent's  half  shadow  polarimeter  : 

(1)  a<-i°'-F0  855°,  c  =  2-283,  Z  =  2  dcm. ;  whence  [a]i,=    -f  18°43'. 

(2)  a'-^i°»  + 0-755°,  c  =  2-0928,  1  =  2  dcm. ;  whence  [aj^-    -t-18°2'. 

(3)  a'=^''  + 0-786°,  c  =  2-172,  1=2  dcm.;  whence  [a.\=    +18°6'. 

Average  [a]u  -f-18°17'. 

A  determination  of  the  specific  rotation  of  aconitine  under  the  same 
conditions  gave : 

a'-'''-F0-555°,c  =  2-2125,  ;  =  2  dcm.  ;  whence  [a ]p  -l-12°32'. 

The  recorded  numbers  of  previous  determinations  with  aconitine, 
under  different  conditions,  are  -I-  ll°r  and  -f  11°6'. 

Composition  of  Indaconitine  — Determinations  of  the  carbon  and 
hydrogen  in  indaconitine  obtained  from  different  specimens  of  roots 
gave  the  following  results  : 
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Found. 


Cai'bou. 

(1) 

64-49 

(2) 

64-93 

(3) 

64-38 

(4) 

64-84 

(5) 

64-78 

(6) 

64-82 

(7) 

65-15 

(8) 

64-59 

(9) 

64-70 

(10) 

64-81 

Hydrogen. 

Mean:  0  =  64-71;  H  =  7 -69  per  cent. 


7-72^ 
7-68 
7-70    . 
7-71    • 
7-70 
7-64^ 


7-61^ 

yi^g  [Mean  :  C-64-81  ;  H  =  7-64  per  cent. 

7-46J 

Combustions  1  to  6  were  of  alkcaloid  from  Indian  roots  described  as 
Aconitum  Napellus. 

Combustions  7  to  10  were  of  alkaloid  from  Indian  roots  described  as 
Aconitum  JYapellus,  var.  hians. 

In  these  combustions,  cupric  oxide  and  a  silver  spiral  were  employed, 
the  substance  being  burnt  in  a  stream  of  oxygen. 

Cg^H^yOioN  requires  C  =  64-86  ;  H  =  7-47  per  cent. 

The  nitrogen  in  indaconitine  was  estimated  by  Dumas'  method. 

0'3326  gram  gave  7-462  milligrams  of  nitrogen.     N  =  2-24. 
Cg^H^YOjQN  requires  N  =  2-22  per  cent. 

Determination  of  Methoxyl  Groups  by  ZeiseVs  Method. 

(1)  0-1793  indaconitine  gave  0-2583  Agl.     CHgO^  19-02. 

{2)0-1718  „  „     0-2454  Agl.     CH30  =  18-87. 

CgoH3506]S'(CH30)4  requires  CHgO^  19-7  per  cent. 

Indaconitine,  therefore,  like  aconitine,  contains  four  methoxyl 
groups. 

^ialts    of  Indaconitine. 

Indaconitine  hydrohromide  is  prepared  by  dissolving  the  base  in  just 
sufficient  dilute  hydrobromic  acid  to  produce  a  neutral  solution.  The 
salt  may  be  readily  crystallised  from  its  concentrated  aqueous  solution 
by  well  stirring,  when  it  is  obtained  as  a  granular,  white  powder.  By 
slow  crystallisation  of  the  salt  from  Avater,  large,  transparent, 
hexagonal  prisms  are  obtained. 

The  melting  point  of  indaconitine  hydrohromide  when  crystallised 
from  water  and  dried  at  100^  is  183 — 187°,  whereas  if  crystallised 
from  alcohol  and  ether  it  is  217 — 218°. 

An  aqueous  solution  of  indaconitine  hydrohromide  is  Itevorotatory. 

A  determination  of  the  specific  rotation  of  the  salt  in  water  gave 
the  numbers  : 

a-l-033°,  c  =  2-991,  1  =  2  dcm. ;    whence  [a]^-ir\^'. 
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Indaconitine  hydrochloride  is  prepared  in  a  similar  manner  to  the 
hydrobromide,  and  the  aqueous  solution  is  evaporated  to  complete 
dryness  in  a  vacuous  desiccator  over  sulphuric  acid.  The  salt  does  not 
crystallise  from  water,  but  by  adding  ether  to  an  alcoholic  solution  of 
the  nearly  pure  salt  it  separates  in  glistening  scales  or  rosettes  of 
silky  needles  which  are  very  hygroscopic  and  contain  three  molecules 
of  water  of  crystallisation. 

0-4223,  dried  at  100°,  lost  0-0328.     Loss  =  7-7. 

C3^H470ioN,HCl  +  3H20  requires  H20  =  7-5  per  cent. 

The  anhydrous  salt  melts  indefinitely  at  166 — 171°. 
An  aqueous  solution  of  indaconitine  hydrochloride  is  Isevorotatory. 
A  determination  of  the  specific  rotation  of  the  anhydrous  salt  gave 
the  following  result  : 

a<»"''-36-5',  c=  1-9206,  1  =  2  dcm. ;  whence  [a]i>-15°50'. 

The  specific  rotation  of  aconitine  hydrochloride  under  similar  con- 
ditions was  determined  for  comparison,  and  the  figures  obtained  were  : 

aW_i.34igo^g_  1.8918,  ;  =  2dcm.  ;  whence  [a]D-35°27'. 

Indaaonitine  nitrate  is  prepared  by  dissolving  the  base  in  dilute 
nitric  acid.  It  has  not  been  crystallised  from  water,  but  from  alcohol 
and  ether  it  is  obtained  as  small  masses  of  prismatic  crystals  which, 
after  drying  at  100°,  melt  at  202 — 203°  with  decomposition. 

Indaconitine  Aurichloride. — By  the  addition  of  an  aqueous  solution 
of  auric  chloride  to  an  aqueous  solution  of  indaconitine  hydrochloride 
acidified  with  hydrochloric  acid,  a  bright  canary-yellow,  amorphous 
precipitate  is  obtained.  The  salt  is  filtered,  washed  with  water  until 
free  from  acid,  and  dried  over  sulphuric  acid  in  a  vacuous  desiccator. 

The  dried  salt  may  be  readily  crystallised  by  the  addition  of  dry 
ether  to  its  solution  in  chloroform,  when  it  is  deposited  in  rosettes  of 
needles.  The  aurichloride  is  sparingly  soluble  in  cold  absolute  alcohol 
and  may  be  recrystallised  by  allowing  a  solution  in  hot  alcohol  to 
cool.  This  salt  is  considerably  less  soluble  than  aconitine  aurichloride 
in  alcohol. 

The  melting  point  of  indaconitine  aurichloride  is  rather  indefinite  ; 
if  put  into  the  bath  at  100°,  it  shrinks  at  142°  and  melts  between  147° 
and  152°. 

Unlike  aconitine  aurichloride  (Dunstan  and  Jowett,  Trans.,  1893, 
63,  994),  this  salt  cannot  be  obtained  in  several  modifications. 

Indaconitine  aurichloride  crystallised  from  chloroform  and  ether 
contains  a  molecule  of  chloroform  which  is  expelled  at  100°. 

0-8592  lost,  at  100°,  0-091.     Loss  =  10-6. 
C34H4yOjQN,IIAuCl4,CHCl3  requires  10  9  per  cent,  of  chloroform. 
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The  auricliloride  crystallised  from  chloroform  and  ether  and  dried 
at  100°  was  used  for  analysis,  the  gold  and  chlorine  being  determined 
as  follows  : 

A  known  weight  of  the  aurichloride  was  suspended  in  water  and 
siilphuretted  hydrogen  passed  through  the  liquid  until  the  whole  of 
the  salt  was  decomposed.  The  sulphido  was  ignited  and  the  gold 
weighed  as  metal.  After  the  sulphuretted  hydrogen  had  been  removed 
from  the  filtrate  (by  passing  a  current  of  air  through  it),  the  liquid  was 
neutralised  with  pure  caustic  potash  and  the  chlorine  determined 
volumetrically  with  decinormal  silver  nitrate. 

The  following  results  were  obtained  : 

(1)  01395  gave  0-02845  Au  and  requii-ed  5-9  c.c.  of  silver  nitrate 
solution  (1  c.c.  =0-003482  gram  CI),     Au  =  20-4;  01  =  14-72. 

(2)  0-1954  gave  0-0406  Au  and  required  8-2  c.c.  AgNO,.  Au  =  20-77  ; 
01  =  14-61. 

(3)  0-2502  gave  0-0516  Auandrequiredl0-6c.c.AgNO3.  Au  =  20-64; 
01=14-75. 

Cg^H^^OjoNjHAuCl^  requires  Au  =  20-35  ;  01  =  1463  per  cent. 

Physiological  Action  of  Indaconitine. 

The  physiological  action  of  indaconitine  has  been  described  in  a 
paper  recently  communicated  to  the  Royal  Society  (Cash  and  Dunstan, 
Froc.  Roy.  Soc,  1905,  B,  468).  Indaconitine  and  its  salts  are 
highly  toxic,  the  poisonous  dose  for  animals  being  near  that  of 
aconitine.  In  general,  it  may  be  stated  that  the  physiological  action 
of  indaconitine  differs  in  degree  only,  and  not  in  kind,  from  that  of 
aconitine  and  pseudaconitine,  a  circumstance  which  is  in  accordance 
with  the  very  close  connection  between  the  composition  and  constitu- 
tion of  these  alkaloids  which  is  established  in  the  present  paper.  As 
is  the  case  with  the  other  "  aconitines,"  the  toxic  action  of  ind- 
aconitine is  virtually  abolished  by  the  removal  of  the  acetyl  group, 
which  occurs  in  the  formation  of  indbenzaconine,  an  alkaloid  which 
is  scarcely  poisonous. 

Hie  Hydrolysis  of  Indaconitine.     Indbenzaconine. 

The  hydrolysis  of  indaconitine,  like  that  of  aconitine,  occurs  in  two 
stages  :  first,  an  acetyl  group  is  eliminated  as  acetic  acid  with  the 
formation  of  indbenzaconine,  which  by  the  action  of  a  second  molecule 
of  water  is  resolved  into  benzoic  acid  and  indaconine 

The  first  stage  of  the  hydrolysis  is  most  satisfactorily  accomplished 
by  heating  an  aqueous  solution  of  indaconitine  sulphate.  The  acetic 
acid  thus  formed  was  estimated  as  follows  : 
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0-6498  gram  of  indaconitine  dissolved  in  the  requisite  amount  of 
dilute  sulphuric  acid  to  form  the  neutral  sulphate  was  heated  in  a 
sealed  tube  for  six  hours  at  125 — 130°.  The  solution  was  now 
acid  and  required  10-5  c.c.  of  standard  alkali  for  its  neutralisation. 

A  small  quantity  of  benzoic  acid  is  always  produced ;  the  liquid  is 
therefore  acidified  with  sulphuric  acid  and  extracted  with  benzene  to 
remove  the  benzoic  acid,  the  solution  being  washed  with  a  small 
quantity  of  water  before  distilling  the  benzene. 

0*7  c.c.  of  the  standard  alkali  was  necessary  to  neutralise  the 
benzoic  acid,  therefore  the  acetic  acid  required  9-8  c.c.  (3-9233  grams 
of  NaOH  per  litre),  and  is  equivalent  to  8-88  per  cent,  of  the  ind- 
aconitine taken. 

The  equation  C3^H470ioN  +  HoO  =  aH40.3  +  C3oH4AN  requires 
9*54  per  cent,  of  acetic  acid. 

Pi'operties  of  Indhenzaconine. 

Indbenzaconine  is  precipitated  from  aqueous  solutions  of  its  salts 
by  the  addition  of  dilute  ammonia,  and  is  readily  extracted  with 
ether.  The  base  does  not  crystallise  from  ether,  but  is  obtained  as 
a  colourless  varnish,  which  is  readily  dissolved  by  alcohol  and  chloro- 
form, but  is  nearly  insoluble  in  water  and  light  petroleum. 

Many  unsuccessful  attempts  have  been  made  to  crystallise  indbenz- 
aconine from  mixtures  of  these  solvents,  although  on  one  occasion,  by 
allowing  a  solution  of  the  base  in  ether  and  petroleum  to  stand 
a  considerable  time,  a  few  minute  crystals  melting  at  215 — 217°, 
insufficient  for  examination,  were  obtained. 

The  amorphous  base,  regenerated  from  the  pure  hydrobromide  and 
obtained  in  a  friable  condition  by  evaporating  a  syrupy  ethereal 
solution  in  a  vacuous  desiccator,  melted  at  130 — 133°. 

Indbenzaconine,  like  benzaconine,  is  dextrorotatory.  The  specific 
rotatory  power  in  alcoholic  solution  was  determined  with  the  following 
result  : 

(1)  a<'^3"'-|- 1-94°,  c  =  2-835,  ^  =  2dcm.;  whence  [a]D-l- 34°13'. 

(2)  a'--*+l-778°,  c  =  2-698,  ^  =  2dcm.;  whence  [ajn -h  32°57'. 

Mean[a]D  +  33°35'. 

The  specific  rotation  of  benzaconine  (from  aconitine)  was  determined 
under  the  same  conditions  as  (2),  and  gave  the  following  result : 

a'"* -f  0-301,  c  =  2-6852,  ^  =  2  dcm. ;  whence  [a]p-f  5°37'. 

The  specific  rotation  of  indbenzaconine  is  therefore  nearly  six  times 
as  great  as  that  of  its  analogue  benzaconine.  Like  benzaconine  and 
veratroylpseudaconine,  indbenzaconine  is  only  slightly  poisonous  to 
animals. 
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Salts  of  [ndbenzaconine. 

Indbenzaconine  hydrohromide  is  prepai'ed  by  dissolving  the  base  in 
the  requisite  quantity  of  dilute  hydrobromic  acid  to  form  a  neutral 
solution.  From  an  aqueous  solution,  the  salt  is  deposited  in  transparent, 
hexagonal  prisms  if  the  solution  is  allowed  to  spontaneously  evaporate 
undisturbed,  but  by  stinging  a  strong  aqueous  solution  it  is  quickly 
deposited  as  a  white,  granular  powder. 

The  hydrohromide  crystallises  from  alcohol  and  ether  in  large, 
irregular,  transparent  masses  or  rosettes  which  effloresce  when  exposed 
to  the  air. 

The  salt  crystallised  from  alcohol  and  ether  contains  two  molecules 
of  water,  which  are  easily  removed  either  by  exposure  in  a  vacuous 
desiccator  or  by  heating  at  100°.  The  dehydrated  salt  melts  at 
247^. 

0-485  lost,  by  heating  at  100°,  0-0268.    Loss  =  5-5. 

C32H4509N,HBr,2HoO  requires  H20  =  5-l  per  cent. 

Combustions  of  the  dried  salt : 

(1)  0-1719  gave  0-3599  CO2 and  01077  HoO.     C  =  57-10;  11  =  6-96. 
(2)0-1727     „     0-3613  CO2    „    0-1046  HoO.     C  =  57-06 ;  H  =  673. 
C32H4-09N,HBr  requires  C  =  57-48  ;  H  =  6-88  per  cent. 

Indbenzaconine  hydrochloride  may  be  crystallised  when  fairly  pure 
either  from  water  or  by  the  addition  of  dry  ether  to  an  alcoholic 
solution.  It  crystallises  from  the  latter  solvents  in  needles  or  well- 
defined  octahedra,  and  after  drying  at  100°  melts  at  242 — 244°. 

The  aqueous  solution  is  Itevorotatory  : 

(1)  a'--^"'  -  0-466°,  c  =  2-887,  l  =  '-l  dcm. ;  whence  \_a\  -  8-08°. 

(2)  a«--'' -  0-593°,  c  =  3-7817,  Z  =  2  dcm.;  whence  [a]D-7-8°. 

Benzaconine  hydrochloride  has  a  specific  rotation  of  -  28-7°. 

Indbenzaconine  aurichloride  is  prepared  by  the  addition  of  an  aqueous 
solution  of  auric  chloride  to  a  solution  of  indbenzaconine  hydrochloride 
acidified  with  hydrochloi'ic  acid,  when  it  is  obtained  as  a  voluminous, 
canary-yellow  precipitate. 

By  the  spontaneous  evaporation  of  an  alcoholic  solution  of  the  dried 
aurichloride,  it  crystallises  in  orange-coloured  I'osettes  and  melts  at 
180—182°. 

Well-defined  crystals  may  also  be  obtained  by  the  addition  of  either 
dry  ether  or  light  petroleum  to  an  alcoholic  solution.  The  crystallisa- 
tion of  the  salt,  especially  in  the  presence  of  a  precipitant  such  as 
ether  or  light  petroleum,  is  usually  accompanied  by  the  formation  of 
colourless  clysta^ls  of  the  aurichlor  derivative. 


1628       DUNSTAN    AND    ANDREWS:    CONTRIBUTIONS   TO   OUR 

Aurichlor-indhenzaconine. — Indbenzaconine  forms  an  aurichloi* 
derivative,  as  is  the  case  witli  the  analogous  compound  benzaconine. 
It  may  be  most  readily  obtained  by  the  gradual  addition  of  light 
petroleum  to  an  alcoholic  solution  of  indbenzaconine  aurichloride. 

Petroleum  is,  however,  not  necessary  for  its  formation,  as  the  same 
compound  has  been  deposited  from  an  a'coholic  solution  of  the 
aurichloride,  and  has  also  been  obtained  by  the  addition  of  ether  to 
the  alcoholic  solution. 

Aurichlor-indbenzaconine  forms  minute,  colourless  crystals  (m.  p. 
234 — 235°)  which  readily  decompose  in  daylight  with  the  deposition  of 
metallic  gold. 

Indaconine  and  its  Identity  with  Pseudaconine. 

Indaconine  is  produced  by  the  complete  hydrolysis  of  indaconitine, 
molf  cular  proportions  of  acetic  and  benzoic  acids  being  liberated. 

The  preparation  of  indaconine  is  best  effected  by  the  action  of 
alcoholic  soda  on  indaconitine  at  the  ordinary  temperature  :  0"4696 
gram  of  indaconitine  was  dissolved  in  alcohol  and  about  1  c  c.  of 
40  per  cent,  caustic  soda  added.  The  hydrolysis  of  the  alkaloid  was 
complete  after  standing  for  twenty  hours.  The  liquid  was  now 
neutralised  with  dilute  sulphuric  acid  and  evaporated  to  complete  dry- 
ness in  a  vacuous  desiccator.  The  residue  was  transferred  to  a 
separatory  funnel,  dissolved  in  a  small  quantity  of  water,  the  solution 
made  acid  with  sulphuric  acid,  and  the  precipitated  benzoic  acid  com- 
pletely extracted  with  benzene. 

The  benzoic  acid  (m.  p.  121 — 125°)  was  titrated  with  standard 
alkali  and  was  found  to  amount  to  0*0923  gram,  which  represents 
19 "6  per  cent,  of  the  indaconitine  taken. 

In  the  following  equation,  the  benzoic  acid  required  is  19 '4  per 
cent.  : 

C3,H,,OioN  +  2H2O  =  aHA  +  C,H,0,  +  C^^Hj^OgN. 

The  liquid  from  which  the  benzoic  acid  had  been  extracted  was  now 
made  alkaline  with  caustic  soda  solution  and  extracted  with  chloroform, 
which  was  then  washed  with  a  little  wat^r,  dried  over  calcium  chloride, 
and  distilled  under  reduced  pressure. 

The  greater  portion  of  the  indaconine  was  readily  extracted  from 
the  aqueous  solution  by  chloroform,  and  the  sm-xll  portion  retained 
was  separated  by  evaporating  the  alkaline  liquid  to  dryness  and  then 
extracting  the  dry  residue  with  dry  chloroform. 
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Properties  of  Indaconine. 

Indaconine  may  be  crystallised  from  alcohol,  chloroform,  or  acetone. 
At  first  its  crystallisation  was  attended  with  some  difficulty,  but  when 
once  crystals  were  obtained  it  was  easy  to  induce  crystallisation  from 
even  impure  coloured  solutions  by  the  addition  of  a  minute  crystal  of 
the  base. 

Indaconine  separates  from  alcohol  in  large,  well-defined  crystals 
which  contain  a  molecule  of  alcohol. 

05831  gram,  crystallised  from  absolute  alcohol,  was  heated  at  100° 
until  its  weight  was  constant.     Loss  =  0-0489  gram  =  8'39  per  cent. 
C^sH^iONg.CgHgO  requires  C2H^.,0  =  8-7  percent. 

As  the  base  decomposed  but  slightly  during  the  heating,  it  m'\y  be 
assumed  that  the  loss  is  due  to  alcohol.  The  results  of  the  com- 
bustions of  indaconine,  crystallised  from  alcohol,  afford  further 
evidence  of  the  presence  of  alcohol  of  crystallisation. 

Indaconine  crystallised  from  alcohol  melts  at  94 — 95°,  whereas  the 
crystals  obtained  from  acetone  melt  at  86 — 87°,  and  apparently 
contain  acetone  of  crystallisation. 

Indaconine  is  readily  dissolved  by  alcohol,  chloroform,  acetone,  and 
water,  but  is  nearly  insoluble  in  ether  and  light  petroleum. 

Indaconine  is  dextrorotatory  both  in  alcoholic  and  aqueous  solutions. 

(1)  In  alcohol  : 

a<-^'  +  2136°,  ^  =  2dcm.,  c  =  2-7975j  [a]i,  +  38°ll'. 

(2)  In  water  : 

a'-- '  +  1-393°,  ;  =  2dcm.,  c  =  l-8233,  [a]D  +  38°12'. 

An  aqueous  solution  reduces  Fehling's  solution  and  readily  decolor- 
ises potassium  permanganate,  resembling  in  these  respects  the  aconine 
derived  from  aconitine. 

The  base  used  for  analysis  was  crystallised  from  alcohol  and  dried 
in  a  desiccator. 

(I)  0-1659  gave  0-3716  CO2 and  01335  H.,0.     C  =  61-09;  H  =  8-S4. 
(2)0-1673     „     0-3766  CO2     „    0-1349  H^O.     C  =  61-39 ;  H  =  8-96. 
(3)0-2086     „     0-4680  CO2     „   0-1702  H^O.     0  =  61-19  ;  H  =  9-06. 
a,j;H^i08N,C2HgO  requires  C  =  61-24  ;  H  =  8-88  per  cent. 
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The  Identity  of  Indaconine  and  Pseudaconine. 

During  the  examination  of  indaconine,  it  was  noticed  that  its 
properties  agreed  in  many  respects  with  those  of  pseudaconine,  the 
ultimate  hydrolybic  produce  of  pseudaconitine  (Dunstan  and  Carr, 
Trans.,  1897,  71,  357). 

Preparations  of  pseudaconine  and  indaconine  were  therefore  made, 
and  the  two  substances  closely  examined  under  similar  conditions. 
The  results  of  this  examination  have  proved  that  indaconine  and 
pseudaconine  agree  in  every  respect  and  fully  establish  the  identity  of 
the  two  substances. 


Substance. 


Indaconine    I 


Melting  point. 


94—9.5°  (from  alcohol) 
86—87    (from  acetone) 


r,       1         .  (  94 — 9o    (from  alcohol) 

1  .seudaconme   \  on     o~    ic  >.       ( 

t  80 — 8/    (from  acetone) 


Specific  rotation. 
+  38°12'  (in  water) 

+  39  0  (in  water) 


Remarks. 


Both  indaconine 
and  pseudaconine 
crystallise  from 
alcohol  in  large, 
well-defined  crys- 
tals, which  are  ex- 
actly coincident. 


The  formula  of  indaconine  as  deduced  from  the  results  of  our 
analyses  is  C.-jH^^OgN.  Pseudaconine  has  been  assigned  the  formula 
Oo-HgyOgN,  which  differs  by  two  atoms  of  hydrogen. 

As  a  matter  of  fact,  however,  the  percentages  of  carbon  and  hydrogen 
recorded  for  pseudaconine  (Freuad  and  Niederhofheim,  Ber.,  1896,  29, 
857)   are  in  close   agreement  with  those  calculated  from  the  formula 

It  may  therefore  be  concluded  that  pseudaconine  and  indaconine  are 
identical  and  are  represented  by  the  same  formula,  CogH^jOgN.  An 
examination  of  the  physiological  action  of  indaconine  has  shown  that 
it  is  identical  with  that  of  pseudaconine  (Cash  and  Dunstan,  loc.  cit.). 


Salts  oj    Indaconine. 

Attempts  to  crystallise  the  hydrobi'omide,  hydrochloride,  and 
oxalate  of  indaconine  have  so  far  proved  unsuccessful. 

When  a  solution  of  auric  chloride  is  added  to  a  fairly  strong  aqueous 
solution  of  indaconine  hydrochloride,  a  pale  bright  yellow  precipitate 
is  obtained  which  soon  aggregates.  The  salt  is  not  readily  affected 
by  light,  as  is  the  case  with  aconine  aurichloride.  The  crj'stallisation 
of  the  aurichlovide  was  attempted  by  the  spontaneous  evaporation   of 
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an  alcoholic  solution  and  also  by  the  addition  of  dry  ether  or  light 
petroleum  to  it,  but  the  aurichloride  was  only  obtained  in  a  resinous 
condition. 

On  one  occasion,  a  few  small  masses  of  fine  needles  (m.  p.  125  — 126°) 
were  obtained  fi'om  an  aqueous  solution. 


The  Effect  of  Heat   on  Indaconitine.     Pyroindaconiline. 

Indaconitine,  when    heated  at  its  melting  point,  yields   acetic  acid 
and  a   new  base  which   has  been   named  pyroindaconitine.     This  de- 
composition is  analogous  to  that  which  aconitine,  pseudaconitine,  and 
japacooitine  undergo  when  similarly  treated   (Trans.,  1894,  65,  176 
1897,71,  350;  1900,77,  60). 

The  amount  of  acetic  acid  produced  was  determined  by  titration 
with  standard  alkali.  The  mean  of  three  determinations  showed  that 
8'5  per  cent,  of  the  acid  was  formed.  The  equation  Ccj^H^^Oj^^N^ 
CoH^Oo  +  CgoH^gOgN  requires  9'54  per  cent,  of  acetic  acid. 

The  identity  of  the  acid  was  established  by  the  analysis  of  its  silver 
salt : 

0-1863  silver  salt  gave  0-120  Ag.     Ag  =  64-41. 

Silver  acetate  requires  Ag  =  64-66  per  cent. 

The  loss  in  weight  sustained  by  indaconitine  when  heated  at  its 
melting  point  is  greater  than  that  represented  by  the  acetic  acid 
found,  and  to  determine  the  nature  of  this  additional  loss  several 
experiments  were  made. 

The  indaconitine  was  heated  in  a  vacuum,  and  at  the  cooclusion  of 
the  experiment  it  was  found  that  the  vacuum  was  still  maintained, 
thus  showing  that  no  gaseous  product  had  been  formed. 

A  known  weight  of  indaconitine  was  heated  in  a  small  distilling 
flask  connected  with  a  weighed  tube  packed  with  solid  caustic  potash. 
The  heating  was  continued  until  nothing  further  distilled  from  the 
flask,  and  a  current  of  dry  air  free  from  carbon  dioxide  was  then 
passed  through  the  apparatus  to  carry  forward  the  products  of  de- 
composition. The  combined  weights  of  the  flask  and  tube  were 
the  same  at  the  conclusion  as  at  the  beginning  of  the  experiment,  and 
the  latter  had  increased  in  weight  to  the  extent  of  10-2  per  cent,  of 
the  indaconitine  taken.  Of  this,  9-5  per  cent  must  be  attributed  to 
acetic  acid.  The  additional  0*7  per  cent,  of  loss  appears  to  be  due 
to  water  resulting  from  further  decomposition  of  the  alkaloid. 

In  preparing  pyroindaconitine,  it  is  advantageous  to  partially 
exhaust  the  air  from  the  apparatus  in  which  the  indaconitine  is 
heated.     By    this    means,    the    alkaloidal  residue   is    less    coloured 
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and  the  subsequent  purification  of  the  pyroindaconitine  is  greatly- 
facilitated. 

The  residue  left  after  the  liberation  of  the  acetic  acid  was  dis- 
solved in  dilute  hydrochloric  acid  and  the  solution  digested  for  a  few 
minutes  with  animal  charcoal.  The  filtrate  was  extracted  with  ether 
and  the  pyroindaconitine  precipitated  by  dilute  ammonia  and  extracted 
with  ether. 

Tlie  base,  obtained  as  a  slightly  coloured  varnish  by  the  evaporation 
of  the  ether,  was  purified  through  its  hydrobromide.  All  attempts  to 
crystallise  the  base  either  from  ether  or  from  mixtures  of  ether  and 
peti"oleum  have  proved  unsuccessful. 

A  determination  of  the  specific  rotatory  power  of  the  amorphous 
pyroindaconitine  in  absolute  alcohol  gave  the  following  result  : 

a'^*^'  + 2-975°,  ^  =  2  dcm.,    c=  1-618;  whence  [a]D  +  91°55'. 

Pyroindaconitine  Hydrobromide. — This  salt  may  be  readily  crystal- 
lised from  water  and^  when  nearly  pure,  from  alcohol  and  ether.  Its 
purification  is  attended  with  some  ditficulty,  for  on  standing  in  alcoholic 
solution  it  undergoes  some  change,  the  solut'on  becoming  coloured,  and 
only  a  small  propoi'tion  of  the  salt  can  then  be  obtained  in  a  crystalline 
condition.    Pyraconitine  hydrobromide  does  not  exhibit  this  peculiarity. 

Pyroindaconitine  hydrobromide,  after  drying  at  100°,  melts  in- 
definitely between  194°  and  198°.  Pyraconitine  hydrobromide  prepared 
and  purified  under  similar  conditions  melts  at  272 — 273°.  An 
aqueous  solution  of  this  salt,  unlike  that  of  pyraconitine  hydro- 
bromide, is  dextrorotatory  : 

a'^° '  +  1 -083°,    ;=2dcm.,  c  =  0-99  ;  whence  [a]D  +  54°43'. 

Pyroindaconitine  aui-ichloride  is  obtained  as  a  light  yellow, 
voluminous  precipitate  when  an  aqueous  solution  of  auric  chloride  is 
added  to  pyroindaconitine  dissolved  in  a  slight  excess  of  dilute 
hydrochloric  acid.  The  precipitated  salt  is  readily  .soluble  in  alcohol 
or  chloroform,  but  is  nearly  insoluble  in  water  or  ether.  The  auri- 
chloride  has  not  been  crystallised. 

Effect  of  Heat  on  Indaconitine  Hydrochloride. 

When  anhydrous  indaconitine  hydrochloride  is  heated  at  its  melting 
point,  a  decomposition  ensues  which  is  similar  to  that  sustained  by  the 
base,  acetic  acid  being  liberated.  The  resulting  base  is,  however,  not 
identical  with  the  pyroindaconitine  already  described. 

It  was  found  best  to  heat  the  indaconitine  hydrochloride  on  a  clock 
glass  in  an  air  oven  at  165 — 170°  and  to  limit  the  heating  at  this 
temperature  to  a  few  minutes. 
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The  coloured  residue  was  dissolved  in  water  and  the  base  separated 
in  the  usual  way,  I'he  pure  base  was  obtained  through  the 
recrystallised  hydrobromide.  It  has  not  been  possible  to  obtain  the 
alkaloid  in  a  definite  crystalline  form. 

An  alcoholic  solution  of  the  base  is  dextrorotatory  : 

a''«°>+M5^,  1  =  1  dcm.,  c  =  0-9758;  whence  [a]D  +  58°55'. 

The  hydrobromide  does  not  crystallise  from  water  unless  fairly 
pure,  but  by  the  addition  of  dry  ether  to  an  alcoholic  solution 
rosettes  of  small  needles  (m.  p.  248 — 250°)  are  readily  obtained.  The 
salt  in  alcoholic  solution  does  not  become  coloured,  as  is  the  case  with 
pyroindaconitine  hydrobromide. 

An  aqueous  solution  of  the  salt  is  dextrorotatory  : 

(1)  a'-'^''  +  0-8°,  ^  =  2dcm.,  c=148,  whence  [aj^  +  27°2'. 

(2)  a''"^'  + 0-366^,  ^=2dcm.,  c  =  0-65,  whence  [a]D  + 28°12'. 

Mean  [a]D+ 27^37'. 

On  combustion,  the  hydrobromide,  dxued  at  100°,  gave  the  following 
results : 

(1)  0  2013  gave  0  4312  CO.,  and  0-1264  HoO.     0  =  58-42  ;  H  =  697. 
(2)0-1823     ,',     0-3896  CO2    „    OII57H2O.     0  =  58-28  ;  H  =  7-05. 
(3)01844     „     0-3938  OO2    „    0-1155  HoO.     0  =  5824 ;  H  =  6-96. 
032H^308N,HBr  requires  0  =  59-07  ;  H  =  6-7  per  cent. 

It  thus  appears  that  there  are  two  isomeric  pyroindaconitines ;  that 
prepared  from  indaconitine  may  be  provisionally  designated  a-pyio- 
indaconitine,  and  that  from  the  indaconitine  hydrochloride,  (3-pyvo- 
indacouitine. 

Indaconitine  is  the  third  aconitine  known  of  the  type  which 
furnishes  acetic  acid  and  benzoic  acid  on  hydrolysis,  the  other  two 
being  aconiline  from  Aconitum  Napellus,  and  japaconitine  from 
Aconitum  Fischeri  or  japonicum.  Indaconitine,  however,  differs  from 
both  these  alkaloids,  and  resembles  pseudaconitine  in  furnishing 
pseudaconine  on  complete  hydrolysis.  Indaconitine  is  therefore  acetyl- 
benzoylpseudaconine,  whilst  pseudaconitine  is  acetylveratroylpseud- 
aconine.  The  properties  of  indaconitine,  aconitine,  and  japaconitine, 
and  those  of  their  principal  derivatives,  are  compared  in  the  following 


r£' 
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Indaconititie,  Aconithie,  and  Jajxicunitine. 


Substance.                        ^point!^ 

Specific 
rotatiou. 

Remarks. 

ludacouitine  202—203" 

Aconitiue    196-197 

Japaconitine  204*2 

1 

+  18°17'  in  alcohol 

+  12  32 
+  23  36 

Rosettes  of  nee- 
dles    and     hexa- 
gonal prisms. 
Hexagoual 

prisms. 
Prismatic 

needles. 

Indaconitine  hydrobromide...;  ■!  (m2i7_2i8 

Acouitine  hydrobromide 163 

Japaconitine        ,,            172—173 

-  17  16'  in  water 
-30  48 

ludacouitine  hydrochloride. . . 
Aconitiue                 ,, 

Japacouitine            ,, 

166-171 
149 

149—150 

-  15-50'  in  water 
-35  27 

(anhydrous  salt) 
-25°1'  in  water 

(anhydrous  salt) 

— 

ludacouitine  aurichloride 

Aconitine                ,,          

Japacouitine            ,,          

147—152 
(o)  135-5 

\  m  152 

1(7)  176 
f  (a)  153 
1  W  231 

— 

Each  of  the  alkaloids,  indaconitine,  aconitine,  and  japaconitine, 
contains  four  methoxyl  groups,  and  furnishes  one  molecular  propor- 
tion of  acetic  acid  and  one  of  benzoic  acid  on  hydrolysis. 


Indhenzaconine,  Benzacoimie,  and  JapbenzacouiJie. 


Substance. 

Melting 
point. 

Specific  rotatiou.              Remarks. 

i 

ludbeuzacouiue  -j 

Benzaconine   

Amorphous 
130—133°/ 
125 

182—183 

+  33°35'(iu  alcohol)  Crystalline  (?). 

+  5  37            ,,          1  Amorphous. 
+  40  10            ,,           RectaugiUarplates 

Japbenzaconine    

ludbeuzacouiue  hydrobromide 
Benzaconine               ,, 
Japbenzaconine         ,, 

247 

282 

205—217 

- 
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hidbtnzaconbie,  Benzaconine,  and  Japhenzaconine  (continued). 


Substance. 

to^r          Specific  rotation. 

Kemarks. 

Indbeuzaconine  liydrocliloride 
Benza Conine              ,, 
Jai)benzaconiue         ,, 

242— 244         -  7''o6'  (in  water) 
((a)  217   \            .,g  ,. 
1(^)268  1        -"8^^          " 
253           -20  17 

(calculated  for  an- 
hydrous salt) 

- 

Indbenzaconine  aurichloridc. 
IJeuzaconine                ,, 
Japbenzaconine           ,, 

180—182                      — 
125—135 

228                           — 

Auriclilorindbeuzaconine 

234—235                      — 

204                            — 

178          1                — 

Rectangular 

prisms. 
Octahedia. 

Auriflilorjapbenzaconine 

Indacouine,  Aconine,  and  Japaconine. 


Substance. 


Indaconine 


Meltin<^ 
point. 


Specific  rotation. 


Remarks 


94-95°(from^ 

alcohol)     t     +38^2' (in 


•]  86-87°(fromj 
I     acetone)     J 


132^ 


Acouine  (amorphous)    

Japaconine  (amorphous)  97 — 100         + 10^53' 


(in  water)  Crystallises  with 
a  molecule  of  acet- 
one or  alcohol. 

Amorphous,  very 
hyf/roscopic. 

Amorphotis,  very 
hygroscopic. 


Fyroindacoiiitine,   I'ljraconitine,  and  PijrojapaGonitine. 


Substance. 


Melting 
point. 


Specific  rotation. 


Remarks. 


Pyroindaconitine  — 

Pyraconitine  ;         167'5° 

Pyrojapaconitine  153 — 168 


•91°55'  (in  alcohol)  j  Uncrystallised. 
Inactive  ;  Crystalline. 

65°53'  (in  alcohol)  ,, 


Pyroindaconitine  hydrobrom- 

ide    .' '     194-198 

1.  •4.-  Ill         -J   '  I  (a)  204   1 

I'yraconitiue       hydrobroniiae|  •!  ;„,  non    f 

n       •  f  ((o)208  \ 

Pyrojapaconitine         ,,  \(/3)  241  | 


-f  54°43'  (in  water) 
-44  54 

-102  30 
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Since  the  analyses  of  indaconitine  and  its  derivatives  recorded  in 
this  paper  agree  well  with  those  calculated  from  the  formula 
Cg^H^yOjoN,  and  as  it  is  now  shown  that  the  alkaloid  differs  from 
pseudaconitine  in  containing  a  benzoyl  in  the  place  of  a  veratroyl 
group,  it  appears  that  the  formula  of  pseudaconitine  should  be 
C8gH5^0j2N  instead  of  C3gH^,p^2^j  ^^e  formula  originally  assigned  to 
it  by  Wright. 

Scientific  Department, 

Imperial  Institute,  S.  \V. 


CLX. — Contributions  to  our  Knowledge  of  the  Aconite 
Alkaloids.  Part  XVII.  Bikhaco7iitine,  the 
Alkaloid  of  Aconitum  Spicatum. 

By   Wyndham    Rowland    Dunstan,     F.R.S.,    and    Albert  Edward 
Andrews,  Salters'  Company's  Research  Fellow. 

This  new  and  highly  toxic  alkaloid  has  been  obtained  from  the  roots 
of  a  supposed  variety  of  Aconitum  ferox  known  as  "  spicatum,"  and 
also  from  another  variety  of  Aconitum  ferox  provisionally  named 
"  flavidiflorum,"  which  were  collected  for  the  Imperial  Institute  in 
Darjeeling  under  the  supervision  of  Sir  George  Watt,  who  has  pro- 
vided the  following  descrij)tion  of  the  supposed  variety  for  which  Briihl 
proposed  the  name  "  spicatum." 

"  This  aconite  is  very  possibly  the  true  Xepal  aconite  or  Bikh  of 
European  pharmacy.  It  is  the  plant  alluded  to  by  Sir  Walter  Elliot 
as  the  ativisha  (very  poisonous)  of  Sanskrit  authors.  In  most 
languages  of  India  it  is  simply  denoted  by  bish  or  bikh  (poison). 

"  Bikh  is  the  most  plentiful  and  extensively  used  aconite  in  India, 
although  it  would  appear  to  be  employed  more  as  a  poison  than  as  a 
drug.  Its  poisonous  property  is  universally  recognised,  al chough  the 
root  is  derived  almost  exclusively  from  Garhwal,  Nepal,  Sikkim,  and 
Bhutan.  The  roots  are  large,  thick,  when  fresh  soft,  flexible,  and 
pale  greenish-white,  but  when  quite  dry  they  become  hard  and  of 
a  dark  brown  or  black  colour  externally.  The  half  dry  root,  when 
cut,  resembles  horn  in  consistence,  but  as  it  matures  and  dries  it 
becomes  hard  and  has  darker  portions  developed  as  imbedded  irregular 
patches  within  the  tissue.  These  patches  somewhat  resemble  resin  in 
cleavage.  The  fibro-vascular  bundles  are  seen  to  form  an  irregular, 
sharply-pointed,  star-shaped  structure,  which  encloses  a  small  central 
core  surrounded  by  a  second  circular  ring  of  fibio- vascular  bundles." 
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A  further  examination  of  this  plant  by  Dr.  Otto  Stapf,  of  Kew,  has  led 
to  the  conclusion  that  it  is  not  a  variety  of  Aconitum  ferox,  but  a  new- 
species  of  aconite  for  which  he  proposes  the  name  Aconitum  spicalum. 

We  believe  that  Sir  George  Watt  is  mistaken  in  stating  that  this 
plant  furnishes  the  Nepal  aconite  of  European  pharmacy,  since  various 
specimens  of  roots  purchased  in  Europe  have  been  shown  to  furnish  a 
distinct  alkaloid,  pseudaconitine. 

The  alkaloid  contained  in  the  roots  of  Aconitum  spicatum  has  been 
isolated  and  examined  both  as  regards  its  chemical  composition  and  its 
physiological  action.  The  results  now  recorded  show  that,  whilst  it 
differs  in  composition  and  properties  from  the  other  known  aconitines, 
it  is  closely  related  to  pseudaconitine  (Trans.,  1897,  71,  350)  both  in 
its  chemical  properties  and  physiological  action.  For  this  alkaloid  we 
propose  the  name  bikhaconitine,  from  the  vernacular  name  for  the 
plant,  "  bikh." 

Extraction  of  the  Alkaloid. 

The  method  employed  for  the  separation  of  the  alkaloid  from  the 
roots  was  the  same,  with  slight  modification,  as  previously  described  in 
the  paper  on  indaconitine  obtained  from  Aconitum  chasmanthum. 

The  roots  were  finely  ground  and  extracted  at  the  ordinary  tempera- 
ture with  a  mixture  of  methyl  and  amyl  alcohols.  The  methyl  alcohol 
was  completely  separated  from  the  percolate  by  distillation  under 
reduced  pressure,  and  the  alkaloid  removed  from  the  residual  portion 
(consisting  of  the  extractive  matter  in  amyl  alcohol)  by  repeatedly 
shaking  with  water  and  separating  the  aqueous  liquid.  It  was  un- 
necessary to  use  dilute  acid  for  this  purpose  as  the  aqueous  extract 
had  a  decided  acid  reaction.  It  was  found  to  facilitate  greatly  the 
separation  of  the  alkaloid  if,  before  shaking  with  water,  the  amyl 
alcohol  was  mixed  with  about  an  equal  volume  of  ether. 

The  aqueous  liquid  containing  the  alkaloid  was  shaken  with  ether  to 
remove  any  ether  soluble  substances,  then  made  alkaline  with  dilute 
ammonia  and  the  alkaloid  extracted  with  ether,  each  successive 
portion  being  washed  with  water  and  then  dried  over  a  few  pieces  of 
fused  calcium  chloride  before  distilling  the  solvent.  The  relatively 
small  portion  of  alkaloid  not  extracted  by  ether  was  removed  fr-om  the 
aqueous  liquid  with  chloroform. 

The  weight  of  the  ether-soluble  alkaloid  represented  approximately 
0-6  per  cent,  of  the  undried  roots  taken,  and  of  this  about  two-thirds 
was  obtained  as  crystalline  bikhaconitine.  The  remaining  third 
could  not  be  crystallised,  but  by  hydrolysing  it  and  crystallising  the 
alkaloid  thus  obtained,  it  was  proved  that  the  original  material  must 
have    consisted    lai-gely   of   bikhaconitine   with  probably   some   of  its 
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hydrolytic  product,  veratroylbikhaconine,  the  presence  of  which  would 
interfere  with  its  crystallisation. 


Properties  of  Bikhaconitine. 

Bikhaconitine  does  not  crystallise  with  the  readiness  usually  so 
characteristic  of  the  "  aconitines." 

Its  purification  was  accomplished  by  fractional  precipitation  and 
then  crystallisation  of  the  least  coloured  portions  by  adding  water  to 
the  solution  in  alcohol.  The  base  thus  obtained  was  finally  pvirified 
by  preparing  a  pure  salt,  preferably  the  hydrobromide,  and  regene- 
rating the  base  from  this  salt. 

A  peculiar  property  of  bikhaconitine  and  one  which  distinguishes 
it  from  all  other  aconitines  is  the  manner  in  which  it  crystallises, 
especially  from  ether.  From  this  solvent,  it  separates  as  white,  semi- 
spherical  or  button-shaped  masses,  which  as  a  rule  do  not  appear  dis- 
tinctly crystalline,  but  are  composed  of  concentric  rings  of  the  sub- 
stance. The  gradual  addition  of  water  to  an  alcoholic  solution  affords 
the  most  ready  means  of  crystallisation,  when  the  alkaloid  is  obtained 
in  white  granules  consisting  of  a  hydrate  which  loses  its  molecule  of 
water  at  100°. 

0-6143  gram  dried  at  100°  lost  0-0165  gram.     Loss  =  2-68. 
Cgj^HjiOiiN,!!^  requires  HpP-2-60  per  cent. 

The  melting  point  of  bikhaconitine  is  indefinite  and  somewhat 
variable,  as  the  water  it  contains  cannot  be  removed  without  the 
alkaloid  undergoing  fusion.  Crystallised  from  alcohol  and  water  and 
dried  at  85°,  it  softens  and  melts  at  113 — 116°.  When  crystallised 
from  ether,  it  melts  at  a  rather  higher  temperature,  namely,  118 — 123°. 
The  fusion  is  unaccompanied  by  decomposition.  Bikhaconitine  is 
readily  dissolved  by  ether,  alcohol,  or  chloroform,  but  is  practically 
insoluble  in  water  or  light  petroleum. 


Specific  Rotation  of  Bikhaconitine. 

The   following  results  were  obtained  with   Laurent's  half  shadow 
polarimeter,  using  an  alcoholic  solution  of  the  alkaloid  dried  at  100°. 

(i)  observed    angle    (a)  =-1-39-5'   at    20°;    length   of    tube    (0  =  2 
dcm.  ;  concentration  (c)  =  2-6472;   whence  [ajb""-!- 12-43°. 

(ii)  a=  +37'  at  20°,  1  =  2  dcm.,  c  =  2-572;  whence  [a]-t;^°  =  11-99°. 
Mean  [  a]b"'=  +  12-21°. 
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Comjiosition  of  Bikhaconitine. 

The  base,  crystallised  from  alcohol  and  water  and  dried  at  100° 
was  burnt  in  oxygen,  the  tube  being  packed  with  cupric  oxide  and  a 
silver  spiral. 

(i)    0-1695  gave  0-3976  CO2  and  0-1167  H^O.    0  =  63-97 ;  H  =  7-65. 
(ii)  0-1883     „     0-44UCO2    „    01-288  HgO.    0  =  63-93 ;  H  =  7-60. 
Cg^jH^iO^iN  requires"0  =  64-14;  H  =  7-65  per  cent. 

These  two  results  were  obtained  with  specimens  of  pure  bikh- 
aconitine, each  of  which  had  been  separately  extracted  from  the  roots 
and  purified.  It  is  therefore  clear  that  the  material  thus  prepared  is 
pure. 

The  nitrogen  in  bikhaconitine  was  determined  by  Dumas'  method. 

In  the  hydrated  base  : 

(i)  0-3378  gram  gave  9-46  milligrams  of  nitrogen.     N  =  2-8. 
(ii)  0-2550      „        „     6-86  „  „  N  =  2-69. 

^36^5i^ii^'^2^  requii'es  nitrogen  =  2-03  per  cent. 

The  number  of  methoxyl  groups  in  the  alkaloid,  dried  at  100°, 
was  determined  by  Zeisel's  method  slightly  modified. 

(i)  0-2225  gave  04565  Agl.     CH30  =  27-1. 
(ii)  0-1897     „     0-3909  Agl.     0H30  =  27-21. 

03oH3305N(CH30)g  requires  CH30  =  27-64  per  cent. 


Salts  of  Bikhaconitine. 

The  salts  of  bikhaconitine  ci'ystallise  well.  The  haloid  salts  are 
soluble  in  water  or  alcohol,  but  insoluble  in  ether  and  light  petroleum. 

Bikhaconitine  hydrobromide,  prepared  by  dissolving  the  base  in 
dilute  hydrobromic  acid  to  neutrality,  crystallises  fi-om  water  if  the 
aqueous  solution  is  evaporated  to  a  syrup  and  then  well  stirred.  By 
allowing  a  warm  saturated  alcoholic  solution  to  cool,  crystals  are 
readily  deposited,  or  the  salt  may  be  fractionally  crystallised  by  the 
addition  of  ether  to  an  alcoholic  solution. 

Bikhaconitine  hydrobromide  melts  at  173 — 175°  if  dried  at  100° 
and  introduced  into  the  bath  previously  heated  to  120°. 

When  heated  at  100°,  the  crystalline  salt  loses  weight  equivalent 
to  five  molecules  of  water  or  two  of  alcohol. 

0-5872  heated  at  100°  lost  0-0603.     Loss  =  10-27. 

C3gH5^0iiN,HBr,5H20  requires  5H20=  10-66  per  cent. 
^3oH5iOiiN,HBr,2C.,HgO  requires  2C2HgO=  10-87  per  cent. 

5  Q  2 
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An  aqueous  solution  of  bikhaconitine  hydrobromide  is  Isevorota- 
tory.  The  following  results  were  obtained  with  independently  pre- 
pared specimens  of  the  anhydrous  salt. 

1.  a^«°=    -0-75°,  1  =  2  dcm.,  c  =  3-0291  ;  whence  [a]i«'=    -  12-38°. 

2.  0}"°=    -52-3',  1=2  dcm.,  c  =  3-4928  ;  whence  [a]V=   -  12-46°. 

Mean[a]D=   -12-42°. 
The  bromine  in  the  anhydrous  salt  was   estimated   by   precipitating 
and  weighing  as  silver  bromide. 

1.  0-5961  gave  0-1466  AgBr.     Br- 10-46. 

2.  0-7305     „     0-180    AgBr.     Br=  10-48. 

CggHjjO^jNjHBr  requires  Br  =  10-59  per  cent. 

Bikhaconitine  hydrochloride  is  prepared  in  the  same  manner  as  the 
hydrobromide.  It  has  not  been  crystallised  from  water,  but  only 
from  alcohol  and  ether.  The  fact  of  this  salt  being  crystalline 
sharply  distinguishes  it  from  the  corresponding  salt  of  pseudaconitine, 
which  has  not  been  crystallised  (Trans.,  1897,  71,  354). 

Bikhaconitine  hydrochloride,  like  the  hydrobromide,  crystallises 
with  five  molecules  of  water  or  two  of  alcohol. 

0-8207  dried  at  100—105°  lost  0-0922.     Loss  =  11-23. 

C36H5^0iiN,HCl,5H.20  requires  5H20=  11-26  per  cent. 
C36H5iOiiN,HCl,2C2HgO  requires  5C2HeO  =  11-47  per  cent. 

The  chlorine  in  the  hydrated  salt  was  estimated  volumetrically. 

0*3211  required  4*05  c.c.  of  standard  silver  nitrate  solution 
(1  c.c.  =  0-00351  CI);  whence  CI  =  4-42. 

Cg^Hj^O^jISr.HCljSHgO  requires  CI  =  4-43  per  cent. 

Bikhaconitine  hydrochloride  (anhydrous)  melts  at  159 — 161° 
An  aqueous  solution  of  the  salt  is  liBvorotatory.     The  anhydrous 
salt  in  water  gave  the  following  results  : 

rt'^«°=   -0-37',  ^  =  2  dcm.,  c  =  3-48  ;  whence  [a]i?  =  -8-86°. 

Bikhaconitine  hydriodide  is  prepared  by  adding  potassium  iodide 
solution  to  an  aqueous  solution  of  bikhaconitine  hydrobromide. 
Unless  the  solutions  are' dilute,  the  hydriodide  separates  at  once  in  a 
crystalline  condition. 

The  crystalline  salt  dissolves  with  difficulty  in  alcohol  or  watei*,  but 
may  be  recrystallised  from  either  solvent  by  allowing  a  hot  saturated 
solution  to  cool,  when  it  separates  as  a  mass  of  fine  needles.  The  salt 
gradually  decomposes  in  presence  of  organic  solvents ;  for  this  reason 
it  is  preferable  to  crystallise  it  from  water. 

Bikhaconitine  hydriodide  crystallised  from  water  loses  weight  when 
dried  at  105°,  thus: 
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1.  0-6267  dried  at  105°  lost  0-0363.     Loss  =  5-79. 

2.  0-2955        „        105°    „    0-0171.     Loss  =  5-78. 

C3gH5iOjjN",HI,2|H20  requires  2^H20  =  5-31  per  cent. 

The  salt,  when  dried  at  105°,  melts  at  193  —  194°. 

Bikhaconitine  nitrate  is  an  easily  crystallisable  salt.  It  separates 
from  alcohol  as  needles  which,  after  drying  at  100°,  melt  at  178 — 180°. 

Bikhacoiiitine  aurichloride  is  prepared  by  adding  an  aqueous  solution 
of  auric  chloride  to  bikhaconitine  dissolved  in  slight  excess  of  dilute 
hydrochloric  acid.  The  salt,  which  separates  as  a  bright  yellow, 
granular  precipitate,  is  filtered,  washed  with  water,  and  dried  in  a 
vacuum.  The  aurichloride  thus  obtained  is  easily  soluble  in  chloro- 
form, slightly  in  alcohol,  but  practically  insoluble  in  water,  ether,  or 
light  petroleum.  It  crystallises  readily  by  adding  either  alcohol, 
ether,  or  light  petroleum  to  its  solution  in  chloroform,  and  is  thus 
obtained  as  small,  canary-yellow  needles  uncombined  with  any  solvent. 
It  melts  sharply  at  232—233°, 

Owing  to  the  slight  solubility  of  bikhaconitine  aux-ichloride  in 
alcohol  and  water,  it  could  not  be  satisfactorily  decomposed  by 
sulphuretted  hydrogen  when  held  in  suspension  in  either  of  these 
liquids.  It  was  therefore  necessary  in  analysing  the  gold  salt  to 
dissolve  it  in  chloroform,  add  water,  and  pass  through  the  liquids  a 
brisk  current  of  sulphuretted  hydrogen.  The  aqueous  portion  was 
then  decanted  through  a  filter  and  the  chloroform,  after  being  washed 
with  water  by  decantation,  was  allowed  (o  evaporate  spontaneously. 
The  precipitate  after  being  finally  washed  was  ignited  and  the 
metallic   gold  weighed. 

The  filtrate  and  washings  were  freed  from  sulphuretted  hydrogen 
by  a  current  of  air  and  the  chlorine  estimated  volumetrically. 

0-5068    gave    0-0981    Au,   and  required  SO'l   c.c.  of  silver  nitrate 
solution  (1  c.c.  =  000351  CI);  whence  Au=  19-35  ;  01=13-92. 
CggH.^OiiNjHAuOl^  requires  Au=  19-45  ;  01  =  13-99  per  cent. 

The  combustions  of  the  aurichloride  were  made  in  a  tube  packed 
with  fused  lead  chromate  and  cupric  oxide  ;  a  silver  gauze  spiral  was 
also  employed  and  the  burning  conducted  in  a  current  of  oxygen. 

(1)  0-2697  gave  0-418    00.^  and  01219  HgO.     0  =  42-27  ;  H  =  5-02. 

(2)0-2832  „  0-4408  OO2  „  0-1305  H,0.  0  =  42-45  ;  H  =  5-12, 
CseHsAi^'HAuCl^  requires  0  =  42-62";  H  =  5-18  per  cent. 

Physiological  Action  of  Bikhaconitine. 

Like  the  other  aconitines,  bikhaconitine  produces  in  excessively 
dilute  solution  the  characteristic  tingling  sensation  on  the  tongue. 
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The  physiological  action  of  bikhaconitine  has  been  described  in  a 
paper  communicated  to  the  Royal  Society  (Cash  and  Dunstan,  Proc. 
Roy.  Society,  1905,  B,  76,  468).  The  alkaloid  is  found  to  agree  very 
closely  with  pseudaconitine,  whilst  in  its  general  action  it  resembles 
that  of  the  entire  aconitine  group. 

The  toxicity  towards  warm-blooded  animals  is  greater  than  that  of 
either  aconitine  or  japaconitine  and  is  referable  to  the  greater  depres- 
sion of  the  respiratory  function  caused  by  bikhaconitine  than  by  the 
other  two  alkaloids. 

Grouping  these  alkaloids  according  to  their  relative  toxicity, 
bikhaconitine  occupies  a  position  between  japaconitine  and  pseudaconi- 
tine, the  last  of  these  being  the  most  active  of  the  series. 


Hydrolysis  of  Bikhaconitine. 

Bikhaconitine  resembles  pseudaconitine  (Trans.,  1897,  71,  356)  in 
containing  both  an  acetyl  and  a  veratroyl  group,  the  separation  of  which 
may  be  effected  in  two  stages  according  to  the  equations  : 

Bikhaconitine.  Yeratroylbikhaconine.     Acetic  acid. 

ii.  C3,H,90,oN   +   up   =   C2,H,,0,N   +   Q,U,,0,. 
Yeratroylbikhaconine.  Bikhaconiue.       Veratric  acid. 

The  reaction  represented  by  the  first  equation  is  best  conducted  by 
the  method  usually  adopted  with  these  alkaloids.  In  the  present  case, 
a  neutral  aqueous  solution  of  bikhaconitine  sulphate  was  heated  in  a 
closed  tube  at  130°  for  about  seven  hours.  The  veratroylbikhaconine 
thus  produced  is  precipitated  with  dilute  ammonia  and  extracted  with 
ether. 

The  acetic  acid  also  formed  was  estimated  in  conjunction  with  the 
veratric  acid  which  results  from  the  complete  hydrolysis  of  bikhaconi- 
tine (p.  1644).  It  will  be  seen  that  the  veratric  acid  and  the 
alkaloid  (bikhaconine)  were  completely  extracted  from  an  aqueous 
liquid  which  then  contained  the  acetic  acid  only.  This  was  estimated 
by  distillation  into  a  known  volume  of  standard  alkali,  the  excess  of 
which  was  titrated  with  standard"  acid,  using  phenolphthalein  as 
indicator. 

By  this  method  the  percentage  of  acetic  acid  found  was  9  24  per 
cent.  The  above  equation  requires  8-91  per  cent,  acetic  acid.  The 
identity  of  the  acid  was  established  by  its  qualitative  reactions  and 
the  analysis  of  the  silver  salt,  which  was  found  to  contain  6 4 "45  per 
cent,  of  metal.     Silver  acetate  contains  64'66  per  cent,  of  silver. 
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Veratroylbikhaconine. 

This  alkaloid  was  purified  by  preparing  the  aurichloride,  as  this  salt 
readily  crystallises  and  affords  the  best  means  of  separating  any 
unaltered  bikhaconitine  that  may  be  present. 

The  regenerated  base  is  thus  obtained  in  a  pure  condition,  but  all 
attempts  to  crystallise  it  have  been  unsuccessful. 

Veratroylbikhaconine  is  soluble  in  ether,  alcohol,  and  chloroform, 
but  nearly  insoluble  in  light  petroleum  or  water.  The  amorphous  base 
melts  indefinitely  between  120°  and  125". 

SjJecific  Rotation  of  Veratroylbikhaconine. 

The  following  determination  was  made  with  an  alcoholic  solution  of 
the  amorphous  base  dried  at  80 — 90°. 

«-«°=l°40',  1  =  2  dcm.,  c  =  2-787  ;  whence  [aJS'  =    +29-9°. 

This  result  provides  a  striking  difference  between  this  alkaloid  and 
its  analogue,  veratroylpseudaconine,  which  is  Itevorotatory  (Trans., 
1897,71,  356). 

Salts  of  Veratroylbikhaconine. 

The  only  haloid  salt  which  has  been  obtained  in  a  crystalline  con- 
dition is  the  hydriodide.  Both  the  hydrocliloride  and  hydrobromide 
were  prepared  by  dissolving  the  pure  base  in  dilute  acid  and  evapo- 
rating the  neutral  aqueous  solutions  in  vacuo,  but  neither  could  be 
obtained  crystalline. 

Veratroylbikhaconine  hydriodide  was  prepared  by  mixing  aqueous 
solutions  of  potassium  iodide  and  veratroylbikhaconine  hydrobromide 
and  concentrating  in  vacuo.  The  hydriodide  separates  as  large  rosettes 
of  needles  which  may  be  recrystallised  from  alcohol  or  water.  When 
crystallised  from  water  and  dried  at  100°,  the  salt  melts  at  189 — 190°. 

Veratroylbikhaconine  nitrate  was  obtained  by  dissolving  the  pure  base 
in  the  requisite  amount  of  dilute  nitric  acid  to  form  a  neutral  solution. 

The  pure  salt  may  be  crystallised  from  alcohol,  or  more  conveniently 
by  adding  ether  to  an  alcoholic  solution,  when  it  separates  as  rosettes 
of  acicular,  prismatic  hexagons,  which,  after  drying  at  100°,  melt  some- 
what indefinitely  without  darkening  at  175 — 178°. 

Two  combustions  were  made  of  the  salt  dried  at  100°  : 

(1)  0-1692  gave  0-3622  COo  and  0-1142  H.,0.     C  =  58-38;  H=7-49. 
(2)0195      „     0-4178COj„     0-1326  H^O.     0  =  58-43 ;  H  =  7-55. 
C3^H^gOioN,HN03  requires  C  =  58-75  ;  H  =  7-26  per  cent. 

Veratroylbikhaconine   aurichloride   is   completely    precipitated  when 
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auric  chloride  solution  is  added  to  an  aqueous  solution  of  veratroylbikh- 
aconine  hydrochloride  acidified  with  hydrochloric  acid.  The  preci- 
pitate is  filtered,  washed  with  water,  and  dried  under  reduced  pressure. 
The  salt  crystallises  from  alcohol  or  when  ether  or  light  petroleum 
is  added  to  a  chloroform  or  alcoholic  solution.  It  separates  in  bright 
orange-yellow  clusters  or  rosettes  of  prismatic  crystals.  Veratroylbikh- 
aconine  aurichloride  loses  weight  when  dried  at  100°. 

(1)  0-6462  lost  0-0519.     Loss  =  8-03. 

(2)  1-046      „     0-0842.     Loss  =  8-05. 
C34H4c,OioN,HAuCl4,2(C2HgO)  requires  2C2H^O  =  8-66  per  cent. 

C34H490ioN,HAuCl4,5(H,0)         „  SHgO^  8-48  per  cent. 

The  melting  point  of  the  salt  is  indefinite  ;  after  crystallisation  from 
chloroform,  alcohol,  and  ether  and  drying  at  100°,  it  melts  between 
145°  and  148°. 

The  gold  and  chlorine  were  estimated  by  the  method  described 
under  bikhaconitine  aurichloride  (p.  1641),  the  analysis  being  conducted 
with  the  salt  dried  at  100°. 

(1)  0-4912  gave  00995  Au  and  required  20-6  c  c.  of  silver  nitrate 
solution  (1  c.c.  =0-00351  CI).     Au  =  2025;  01=14-72. 

(2)  0-4682gave0-0938  Au  and  required  19-9  c.c.  AgNOg.  Au  =  20-04; 
01  =  14-92. 

03^H490ioN,HAuCl4  requires  Au  =  20-29  ;  01=  14-59  per  cent. 

Bikhaconine. 

As  already  stated,  this  alkaloid  is  produced  by  the  separation  of  a 
veratroyl  group  from  veratroyl bikhaconine,  and  is  the  final  product  of 
the  hydrolyr^is  of  bikhaconitine. 

The  preparation  of  bikhaconine  is  effected  by  the  action  of  alcoholic 
soda  on  bikhaconitine,  or  on  veratroylbikhaconine,  at  the  ordinary 
temperature.  The  acetic  and  veratric  acids  furnished  by  the  hydro- 
lysis of  the  parent  base  were  estimated  in  the  following  manner : 

1-0693  grams  of  bikhaconitine  were  dissolved  in  alcohol,  2  c.c.  of 
20  per  cent,  solution  of  pure  caustic  sola  added,  and  the  mixture 
allowed  to  stand  for  about  twenty  hours.  The  liquid,  diluted  with 
water,  was  then  neutralised  with  dilute  sulphuric  acid  and  the 
alcohol  completely  evajaorated,  preferably  in  a  vacuous  desiccator  over 
sulphuric  acid.  The  veratric  acid  was  precipitated  from  the  aqueous 
liquid  by  dilute  sulphuric  acid  and  extracted  with  benzene,  each  suc- 
cessive portion  of  which  was  washed  with  water.  By  the  distillation 
of  the  solvent,  the  veratric  acid  was  obtained  as  a  slightly  coloured 
crystalline  residue,  which  weighed  0-2859  gram. 

This  result  was  checked  by  dissolving  the  acid  in  standard  caustic 
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soda  solution   and  titrating   the   excess  of  alkali   with  standard  acid, 
using  phenolphthalein  as  indicator. 

The  veratric  acid  estimated  : 

(1)  Gravimetrically  =  26*74  per  cent. 

(2)  Volumetrically  =  2665  per  cent. 

The  equation  CggHg^Oi^N  +  2H2O  =  asH^^O-N  +  CoH.Oo  +  C^H^oO^ 
requires  veratric  acid  =  27  04  per  cenf. 

The  identity  of  the  acid  was  established  by  its  melting  point  (178-5°) 
and  the  analysis  of  its  silver  salt,  which  was  found  to  contain  37*32 
per  cent,  of  silver.  Silver  verati-ate  (CgHgO^Ag)  contains  Ag  =  37-34 
per  cent. 

The  aqueous  liquid  from  which  the  veratric  acid  was  extracted  now 
contains  the  bikhaconine  and  acetic  acid.  The  former  was  libei-ated 
by  dilute  caustic  soda  solution  and  extracted  with  ether,  which,  after 
being  washed  with  water,  was  dried  over  a  few  pieces  of  pure  fused 
calcium  chloride  and  distilled.  The  bikhaconine  was  thus  obtained  as 
a  colourless,  transparent,  gum-like  residue.  The  acetic  acid  contained 
in  the  aqueous  liquid  and  washings  was  estimated  by  distillation. 


Properties  of  Bikhaconine. 

Although  it  was  possible  to  obtain  bikhxconine  in  a  pure  condition 
by  means  of  its  crystalline  nitrate,  the  base  coul  1  not  be  crystallised. 

Bikhaconine  is  soluble  in  ether,  alcohol,  chloroform,  or  water,  but 
insoluble  in  light  petroleum.  The  solubility  in  ether  is  interesting  as 
this  property  distinguishes  bikhaconine  from  any  of  its  analogues, 
aconine,  pseudaconine,  and  japaconine,  which  are  insoluble,  or  nearly 
so,  in  this  solvent. 

For  purposes  of  examination,  bikhaconine  may  be  obtained  in  a 
suitable  condition  by  evaporating  an  ethereal  solution  to  a  syrupy 
consistency  and  then  driving  off  the  remaining  ether  in  a  partial  vacuum. 
The  base  is  thus  obtained  in  a  very  fine  state  of  division  and  may  be 
easily  dried  and  powdered.  An  alcoholic  solution  of  the  base  has  a 
dextroi-otatoiy  action  towards  polarised  light.  The  following  deter- 
minations were  made  with  specimens  of  alkaloid  prepared  independently 
of  each  other. 

1.  ar-  =  -t-l°34-5',  1  =  2  dcm.,  c=  2-343^  ;  whence  [ajb"  =  +33-6°. 

2.  ar  =  -Fl°45-5',  1  =  2  dcm.,  c  =  2-54;  whence  [a]V=  +34-1°. 

Mean  [a]fr=  -F  33-85°. 
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Salts  of  Bikhaconine. 

Bikhaconine  forms  well-defined  crystalline  salts,  thus  sharply  dis- 
tinguishing this  alkaloid  from  the  aconines  derived  from  the  other 
aconitines  :  aconitine,  japaconitine,  pseudaconitine,  and  indaconitine. 

Bikhaconine  nitrate  was  prepared  by  neutralising  an  aqueous  solu- 
tion of  bikhaconine  with  dilute  nitric  acid  and  evaporating  the  liquid 
under  reduced  pressure.  The  salt  crystallises  well  from  alcohol  or  water 
when  fairly  pure,  but  it  is  most  readily  obtained  crystalline  by  adding 
ether  to  an  alcoholic  solution,  when  it  separates  in  transparent,  tetragonal 
prisms,  sometimes  acicular  with  pyramidal  ends  but  usually  aggregated 
to  form  semi-spherical  masses.  The  crystalline  salt  contains  two  mole- 
cules of  water  of  crystallisation  which  are  not  expelled  at  100^. 

0-6726  dried  at  120°  lost  0  0414.     Loss  =  6-15. 

Cy5H^i07N,HN03,2H20  requires  2HoO  =  6-36  per  cent. 

That  this  loss  is  due  to  water  is  further  shown  by  the  combustion 
figures  for  the  hydrated  and  anhydrous  salts. 

The  melting  point  of  bikhaconine  nitrate  is  somewhat  variable, 
owing  no  doubt  to  its  water  of  crystallisation,  but  if  put  into  the  bath 
at  100°  it  softens  at  122°  and  melts  at  125—128°. 

The  specific  rotation  of  bikhaconine  nitrate,  using  an  aqueous  solu- 
tion of  the  hydrated  salt,  was  determined. 

1.  «-«"=  -f-40',  1  =  2  dcm.,  c  =  2-1 176;  whence  [aji?'=  +15-73°. 

2.  a2o=^  +35'^  1^2  dcm.,  c  =  1-939    ;  whence  [a]'i?°=  +15-03°. 

Mean[a]B"'=  +15-38°. 

The  salt  does  not,  therefore,  exhibit  rotatory  power  of  the  opposite 
sign  to  that  of  its  base,  as  is  the  case  with  pseudaconine. 

Combustions  of  bikhaconine  nitrate  furnished  the  following  results  : 

(i)   With  hydrated  salt. 

(1)  0  1753  gave  0-3389  CO2  and  0-131     H.O.     0  =  5273  ;  H  =  8-30. 
(2)0-182      „      0-3520  CO2    „    0-1351  H2O.     C  -  52-75  ;  H  =  8-25. 
(3)0-1784    „      0-3450  CO,    „    0-1333  H2O.     C  =  52-74;  H  =  8-30. 
C25H4i07N,HN03,2H20  re'qmres  C  =  53-00  ;  H  =  813  per  cent. 

(ii)   With  anhydrous  salt. 

0-1576  gave  0-3249  CO2  and  0-1 183  H2O.     C  =  56-22  ;  H  =  8-34. 
<^25H4AN,HN03  requires  C  =  56-56  ;  H  =  7-98  per  cent. 

Bikhaconine  hydrohromide  may  be  crystallised  either  from  water  or 
by  adding  ether  to  an  alcoholic  solution.     It  separates  as  transparent, 
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tetragonal  prisms,  generally  in  rosettes  which,  if  dried  at  110°,  melt 
without  darkening  between  145°  and  159°. 

Bilihaconine  hydrochloride  crystallises  from  water  if  the  solution  is 
concentrated  to  a  syrup  and  then  well  stirred.  The  pure  salt  also 
separates  from  alcohol  and  ether  as  rosettes  of  prismatic  crystals, 
which,  after  drying  at  100°,  melt  indefinitely  at  125—130°. 

Bikhaconine  aurichloride  is  obtained  directly  in  a  crystalline  con- 
dition when  auric  chloride  is  added  to  a  strong  aqueous  solution  of 
bikhaconine  hydx'ochloride  acidified  with  hydrochloric  acid.  The  salt 
is  first  precipitated  apparently  amorphous,  and  then  almost  im- 
mediately changes  to  a  crystalline  condition. 

It  may  be  recrystallised  from  water  or  alcohol  by  allowing  a  hot 
saturated  solution  to  cool,  or  more  conveniently  by  adding  light 
petroleum  to  a  solution  of  the  salt  in  chloroform  and  alcohol. 
Bikhaconine  aurichloride  crystallises  as  glistening,  rhombic  plates 
which  contain  three  molecules  of  water,  which  are  only  partially 
expelled  at  100°. 

(1)  0-5258  dried  at  105°  lost  0-0316.     Loss  =  6-01. 
(2)0-9778       „        110— 115°  lost  0-0597.     Loss  =  6-10. 

^25H4iO^]Sr,HAuCl^;3H20  requires  3HoO  =  6-27  per  cent. 

This  result  was  confirmed  by  analyses  of  the  dried  and  un dried 
salts  : 

Anhydrous  bikhaconine  aurichloride  melts  at  187 — 188°. 
Hydrated  „  „  „       129—132°. 

The  gold  and  chlorine  were  determined  by  the  method  already 
described,  but  in  this  case  the  aurichloride  is  decomposed  by 
sulphuretted  hydrogen  in  the  presence  of  water  only. 

(i)   With  the  hydrated  salt. 

0-2205   gave  0*0506   Au  and   required   10  45  c.c.  of    silver   nitrate 
solution  (1  c.c.  =  0-00351  CI).     Au  =  22-95  ;  01  =  16-63. 
C25H^^O;N,HAuCl4,3H20  requii^es  Au  =  22-89  ;  CI  =  16-46  per  cent. 

(ii)   With  the  anhydrous  salt. 

0-3099  gave  0-0758  Au  and  required  15-6  c.c.  of  AgNOg.  Au  =  2446  ; 
01  =  17-67. 

^25H4AN,HAuOl4  requires  Au  =  24-42  ;  01=  17-56  per  cent. 
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Pyrohikhaconitine. 

It  appears  to  be  a  common  property  of  the  "  aconitines "  which 
contain  an  acetyl  group  to  undergo  decomposition  when  heated,  with 
the  formation  of  a  new  base,  acetic  acid  being  liberated.  It  was, 
therefoi-e,  to  be  expected  i\\\t  bikhaconitine  would  behave  in  a  similar 
manner,  and  this  was  found  to  be  the  case. 

Although  bikhaconitine  melts  at  113 — ^116°,  it  does  not  decompose 
until  heated  to  about  180^,  when  acetic  acid  is  liberated  and 
pyrohikhaconitine  is  formed. 

The  acetic  acid  was  estimated  by  heating  the  bikhaconitine, 
contained  in  a  small  Wurtz  flask,  at  200 — -210°,  and  so  arranging  the 
apparatus  that  any  volatile  products  at  this  temperature  were  carried 
forward  by  a  current  of  dry  air  into  a  known  volume  of  standard 
caustic  soda  solution.  It  was  found  by  this  means  that  the  acetic  acid 
amounted  to  9 '09  per  cent,  of  the  bikhaconitine  taken. 

The  equation  C3gH5^0i^N  =  Cg^H^^OgN  +  C2H/)2  requires  8-91 
per  cent,  of  acetic  acid. 

Pyrohikhaconitine  is  most  advantageously  prep^'ed  by  heating 
bikhaconitine  at  200°  for  ten  minutes  in  a  flask,  the  air  from  which 
has  been  exhausted.  Under  these  conditions  the  residue  which  remains 
after  the  evolution  of  the  acetic  acid  is  only  slightly  coloured,  and 
may  be  readily  purified  by  dissolving  in  dilute  acid,  adding  weak 
ammonia,  and  extracting  the  precipitated  base  with  ether.  By  the 
distillation  of  the  solvent,  the  pyrohikhaconitine  was  obtained  as  an 
amorphous  residue,  which,  although  perfectly  colourless,  could  not  be 
crystallised. 

The  nitrate,  hydrobromide,  hydrochloride,  and  aurichloride  of 
pyrohikhaconitine  were  prepared,  but  all  attempts  to  crystallise  these 
salts  have  so  far  been  unsuccessful. 

The  aurichloride  separates  as  a  light  yellow,  voluminous  precipitate 
when  aviric  chloride  is  added  to  a  solution  of  the  base  in  hydrochloric 
acid.     The  precipitated  salt  melts  indefinitely  at  115 — 123°. 

The  chief  differences  between  bikhaconitine  and  pseudaconitine  are 
shown  by  a  comparison  of  their  physical  pi'operties  in  the  following 
tables.  In  composition  it  will  be  seen  that  pseudaconitine  contains 
one  atom  more  oxygen  than  bikhaconitine. 
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Physical  Properties  of  Bikhaconitine  and  Pseudaconitine. 


Substance. 


Bikhaconitine  (base). 
Pseudaconitine  (base) 


Bikhaconitine  hydrobromide  ) 
Pseudaconitine  ,,  / 


Bikhaconitine  hydrochloride  "\  '   159 — 161 
Pseudaconitine  ,,  J 


point 


°        Specific  rotation. 


properties. 


113—116 
211—212     +18-6 


173—175      -12 '43  (in  water) 
191        I   -19-5 


Bikhaconitine  hydriodide     ...\ 
Pseudaconitine         ,,  ...J 


192—194 
215—217 


Bikhaconitine  nitrate 
Pseudaconitine     , , 


.  \  :  178—180 
..J  I        192 

Bikhaconitine  aurichloride  . . .  \     232—233 
Pseudaconitine         ,,  ..  /     235—236 


12-21°  (in  alcohol)  \  Indefinitely  crys- 
talline hydrate. 
Well-defined 
crystalline. 

Crystallises  with 

2HoO. 
Crystalline. 
Uncrystallised. 

Crystallises   with 
2^H20. 


Crystallises   with 
3H,0. 


Veratroi/lbikhaconine  and   Veratroylpseudaconine. 


Substance. 

Melting 
point. 

Specific  rotation. 

Other 
properties. 

Veratroylbikhaconine  (base)  "\ 
Veratroylpseudaconine  (base)/ 

Veratroylbikhaconine  hydro- ^ 
bromide                ....           1 

199° 

_ 

189—190 

205—207 

175—178 
/222°  softens 
\232°  melts 

145—148° 

- 

-1-29 -9°  (in  alcohol) 
-38-3 



Uncrystallised. 
Crystalline  mono- 
hydrate. 

Uncrystallised. 

Crystalline. 

Veratroylpseudaconine             j 
hydrobromide   j 

Veratroylbikhaconine    h\-dr-^ 
iodide     [ 

Veratroylpseudaconine  hydr-  j 
iodide     J 

Veratroylbikhaconine  nitrate -v 
Veratroylpseudaconine     ,,      / 

Veratroylbikhaconine     auri-^ 
chloride      1 

Crystalline. 
Uncrystallised. 

Veratroylpseudaconine   auri-  j 
chloride     J 

Bikhaconitine,  Cg^H^^Oj^N,  and  pseudaconitine,  CggH^^O^g^, 
(i)  contain  six  methoxyl  groups. 
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(ii)  yield  one  molecular  proportion  of  acetic  acid  and  one  of 
veratric  acid  on  hydrolysis. 

(iii)  undergo  decomposition  when  heated,  with  the  liberation  of 
acetic  acid  and  the  formation  of  a  new  base,  pyrobikhaconitine  and 
pyropseudaconitine. 


Bihhaconine  and  Pseudaconine. 


Substance. 

Melting 
point. 

Specific  rotation. 

Other 
jiroperties. 

/'94-9o°(from 
I     alcohol) 
1  86-87°(from 
t    acetone) 

14.5—150° 
125—130 
125—128 

187—188 

+  33 -85°  (in  alcohol) 
^  +  39-0  (in  water) 

z 

+  15-38  (in  water) 

Uncrystallised. 
Soluble  in  ether. 

Pseudaconine  (base)                f 

Bikhaconine  hydrobromide. } 
Pseudaconine            ,,             J 

Bikhaconine  hydrochloride.  \ 
Pseudaconine            , ,             J 

Bikhaconine  nitrate  \ 

Crystallises   com- 
bined   with    al- 
cohol or  acetone. 
Insoluble     in 
ether. 

Crystalline. 
Uncrystallised. 

Crystalline. 
Uncrystallised. 

Crystallises  com- 
bined with  2H2O. 
Uncrystallised. 

Rhombic     plates 
containing  3H2O. 
Uncrystallised.' 

Bikhaconine  aurichloride  ...'I 
Pseudaconine          ,,           ...J 

Scientific  Depaetmeiv 
Imperial  Insti 
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CLXI. — Contributio7is  to  our  Knowledge  of  the  Aconite 
Alkaloids.  Part  XVIII.  The  Aconitine  Group  0/ 
Alkaloids. 

By  Wyndham  Rowland  Dunstan,  F.R.S.,  and  Thomas  Anderson 
Henky,  D.Sc. 

In  the  cour.se  of  the  present  investigation,  the  composition  and 
properties  have  been  established  of  aconitine  from  Aconitum  Napellus, 
of  pseudaconitine  from  varieties  of  Aconitum  ferox,  of  japaconitine 
from    Aconitum  japonicum,   and    of    atisine    from    Aconitum   hetero- 
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phyllum,  whilst  three  new  alkaloids  have  been  obtained,  namely, 
indaconitine  from  Aconitum  chasmanthum,  bikhaconitine  from  Aconitum 
spicalum,  and  palmatisine  from  Aconitum  j)almatu7n,  to  be  described 
in  a  future  paper. 

These  alkaloids  fall  naturally  into  two  groups  which  are  sharply 
differentiated  from  each  other,  both  as  regards  chemical  constitution 
and  physiological  activity.  The  first  and  most  important  group, 
which  may  be  referred  to  as  the  aconitine  group,  is  that  of  which 
aconitine  itself  is  the  type,  including  alkaloids  which  are  diacyl  esters 
of  a  series  of  polyhydroxy-bases  containing  four  methoxyl  groups 
(the  aconines).     These  alkaloids  are  characterised  by  great  toxicity. 

The  members  of  this  group  so  far  known  are  : 

Aconitine  from  Aconitum  Napellus. 

Jcqmconitine  from  Aconittim  japonicum  or  Fischeri. 

Pseudaconitine  from  Aconitum  deinorrhizum. 

Bikhaconitine  from  Aconituin  sjncatxim. 

Indaconitine  from  Aconitum  chasmanthum. 

All  these  alkaloids  are  highly  poisonous  and  exert  a  very  similar 
physiological  action  (Cash  and  Dunstan,  Phil.  Trans.,  1898,  B,  190, 
239,  and  1903,  B,  195,  39;  Proc.  Roy.  Soc,  1898,  62,  338;  1901, 
68,  378  ;  1905,  B,  76,  468).  The  toxic  power  of  each  is  almost 
entirely  abolished  when  the  acetyl  group  is  removed  by  hydro- 
lysis, the  resulting  base  not  being  poisonous  in  small  quantities.  The 
removal  of  the  benzoyl  or  veratroyl  group  by  further  hydrolysis  leads 
to  the  formation  of  the  aconine,  which  is  not  only  not  poisonous  in  the 
ordinary  sense  of  the  word,  but  exerts  a  physiological  action  which  in 
certain  respects  is  antagonistic  to  that  of  the  parent  aconitine. 

The  second  group  of  aconite  alkaloids  may  be  conveniently  referred 
to  as  the  atisine  group.     It  is  represented  at  present  by  two  members  : 

Atisine,  derived  from  Aconitum  heterophyllum. 

Palmatisine,  derived  from  Aconitum  palmatum. 

These  alkaloids  are  less  complex  in  structure  than  the  aconitines, 
and  are  not  poisonous  in  the  ordinary  sense. 

The  Aconitines. 

This  group  may  be  further  sub-divided  into   (I)  aconitines  proper, 

in  which  the  two  acyl  groups  are  acetyl  and   benzoyl,  and  (II)  pseud- 

aconitines,  where  the  two  acyl  groups  are  acetyl  and  veratroyl.     The 

members  of  these  sub-groups  are  : 

c  1  T  C  Aconitine  acetylbenzoylaconine. 

Sub-group  I.  I  .  .  -',,  •',. 

.        ...  <  Japaconitine  acetylbenzoyliapaconine. 

Aconitines  proper.      )_,  .  ,,  ,, 

\  Indaconitine  acetylbenzoylpseudaconme. 

Sub-group  II.         J  Pseudaconitine    acetylveratroylpseudaconine. 

Pseudaconitines.       i  Bikhaconitine      acetylveratroylbikhaconine. 
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The  composition  and  inter-relationship  of  the  first  two  members  of 
sub-group  I  have  been  the  subject  of  some  controversy,  two  substan- 
tially different  empirical  formulge  having  been  assigned  to  aconitine  by 
different  investigators.  It  has  been  asserted  also  that  japaconitine 
is  identical  with  aconitine. 

Aconitine  was  first  isolated  from  Acouitum  NapeUus  by  Geiger  and 
Hesse  (Annalen,  1833,  7,  276)  and  subsequently  by  Von  Planta  {ibid., 
74,  257),  who  assigned  to  the  amorphous  preparation  he  analysed  the 
formula  C3qH^yO,N.  The  alkaloid  was  obtained  in  a  crystalline  state 
for  the  first  time  by  Groves  (Pharm.  J.,  1860,  ii,  8,  121),  who 
ascribed  to  it  the  formula  C^yH^qOjqN.  Fifteen  years  later  Wright 
re-investigated  aconitine,  and  fx"om  the  results  of  the  analyses  of 
a  number  of  specimens  of  the  crystalline  alkaloid  and  its  salts  deduced 
the  formula  CggH^gO^gN  {Journ.  Ghem.  Soc,  1877,  i,  143).  Similar 
results  were  obtained  by  Jiirgens  [Inaug.  Diss.  Dorpat,  1885),  who 
.slightly  altered  Wright's  formula  to  CggH^^O^g^. 

In  1891,  an  investigation  of  the  alkaloids  of  Acouitum  JV^apellus  was 
undertaken  by  one  of  the  present  authors  in  collaboration  with  a 
number  of  his  students  at  the  Pharmaceutical  Society.  In  the  first 
instance,  crystalline  specimens  of  aconitine  which  had  been  prepared 
by  Groves  and  by  Wright  were  analysed  both  before  and  after  being 
further  purified  in  various  ways.  Subsequently  aconitine  prepared 
from  carefully  authenticated  specimens  of  English-grown  roots  of 
Aconitum  NapeUus  was  also  analysed.  The  results  of  these  analyses 
indicated  clearly  that  the  composition  of  the  crystalline  aconitine  pre- 
pared from  the  roots  of  Aconitum  NapeUus,  grown  in  England,  was 
best  represented  by  the  formula  CggH^^O^g^^  wbich  is  intermediate 
between  the  formula?  suggested  by  Wright  and  by  Jiirgens,  from  either 
of  which  it  differs  only  by  two  atoms  of  hydi'ogen  (compare  Dunstan 
and  Ince,  Trans.,  1891,  59,  271,  and  Dunstan  and  Umney,  ibid.,  1892, 
61,  385).  It  is  noteworthy  that  up  to  this  time  all  the  crystalline 
aconitine  which  had  been  analysed,  with  the  exception  of  Jiirgens' 
alkaloid,  as  to  the  origin  of  which  no  information  is  available,  had 
been  prepared  in  England  (Groves,  Pharm.  J.,  1860,  ii,  8,  121  ; 
Williams,  ibid.,  1887,  iii,  18,  238;  and  Wright,  Jowm.  Chem.  Soc, 
1877,  i,  143). 

The  work  so  far  done  had  simplified  greatly  the  methods  of  pi-epar- 
ing  aconitine,  and  had  made  it  possible  to  isolate  this  alkaloid  from 
the  roots  with  certainty  in  a  crystalliue  state.  As  there  was  some 
demand  for  this  material  in  medicine,  its  manufacture  was  subsequently 
undertaken  in  Germany,  and  in  recent  years  it  is  certain  that  all  the 
aconitine  used  by  various  investigators  has  been  of  common  origin,  and 
probably  obtained  from  the  roots  of  Aconitum  NapeUus  grown  in 
Southern    Europe.       The    alkaloid    thus   commercially   prepared    was 
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analysed,  probably  for  the  first  time,  in  1894  by  Freund  and  Beck 
{Ber.,  1894,  22,  433),  -who  questioned  the  accuracy  of  the  formula  for 
aconitine  used  by  "Wright,  by  Jlirgens,  and  subsequently  by  Dunstan 
and  his  collaborators,  and  suggested  that  the  formula 

corrected  represented  the  composition  of  the  alkaloid. 

At  first  it  appeared  that  this  discrepancy  between  the  results  of 
Freund  and  Beck  and  those  of  previous  investigators  might  be  due  to 
the  presence  of  an  impurity — the  difficulty  of  freeing  aconitine  from 
the  last  traces  of  a  resinous  substance  which  persistently  adhered  to  it 
had  been  already  pointed  out  (Dunstan  and  Ince,  loc.  cit.) — but 
during  the  last  few  years  a  large  number  of  analyses  of  aconitine  of 
the  same  origin  as  that  used  by  Freund  and  Beck  have  been  made  both 
in  the  crude  state  and  after  careful  purification,  and  the  results  leave 
no  doubt  that  the  aconitine  of  commerce  of  the  present  day  has 
approximately  the  composition  assigned  to  it  by  Freund  and  Beck. 
More  recently  combustions  of  aconitine  from  the  same  source  have  also 
been  made  by  Schulze  {Apoth.  Zeit.,  1904,  18,  783  ;  and  1905,  20,  368), 
and  have  yielded  substantially  the  same  results,  leading  to  the  slightly 
moditied  formula  Cg^H^^Oj^N. 

The  results  of  the  present  inquiry  established  the  fact  that 
several  aconitines  exist  very  closely  allied  in  composition  and  pro- 
poi-tion,  but  are  nevertheless  distinct  alkaloids.  Japaconitine,  though 
very  closely  resembling  aconitine  in  composition  and  properties, 
is  a  distinct  alkaloid  (Dunstan  and  Eead,  Trans.,  1900,  77,  45).  It 
is  now  shown  that  indaconitine,  whilst  closely  resembling  aconitine, 
is  a  distinct  substance,  whilst  the  same  is  true  of  bikhaconitine 
in  its  relation  to  pseudaconitine.  These  results  have  led  to  a 
revision  of  the  botany  of  the  aconites  of  India,  and  Stapf  has  shown 
that  several  of  the  plants  hitherto  classed  as  Aconitum  ferox  are 
distinct  species.  Each  of  these  species  furnishes  a  different  "  aconitine." 
It  is  now  desirable  that  the  botanical  inquiry  should  be  extended  to  the 
Aconitum  Napdlus  of  Europe.  It  is  possible  that  plants  of  different 
character  are  at  present  included  under  this  name,  and  it  is  highly 
probable  that  these  may  furnish  distinct  alkaloids,  and  that  just  as 
the  so-called  varieties  of  Aconitum  ferox  of  India  have  been  shown 
to  furnish  alkaloids  distinct  from  pseudaconitine,  so  varieties  of 
Aconitum  Xapellus  may  furnish  alkaloids  distinct  from  aconitine. 
There  can  be  scarcely  a  doubt  that  the  alkaloid,  contained  in  the  English- 
grown  roots  of  Aconitum  Xapellus,  as  used  in  the  researches  of  Groves, 
Wright,  and  in  the  early  stages  of  the  present  investigation,  is  not 
identical  with  the  aconitine  of  German  origin  which  has  been  used  in  all 
the  more  recent  investigations  on  this  subject.  An  inspection  of  the 
following    table,   which  gives  in  parallel  columns   the    corresponding 
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physical  constants  for  the  alkaloids  and  their  salts  prepared  from  the 
two  sources,  shows  that  the  two  alkaloids  are  not  identical  : 


Alkaloid  from  English 
Aconitum  Na'pellus. 

Aconitine. 

Composition  C33H4-0^2N. 
Melting  point  188-5°. 
Specific  rotation  [ajo  +10-47' 
to  +11-1°  (in  alcohol). 

A eonitine  liydrohromide. 
Melting  point  163^. 


Alkaloid  from  German 

Aconitum  Kcqwlhis. 

A  eonitine. 

Composition  Cg^H^^.Oj^N. 
Melting  point  200— 20F. 
Specific  rotation  [a]o   +14-36° 
to  +  14*96°  (in  chloroform). 

Aconitine  liydrohromide. 
Melting  point  179°. 


Aconitine  aurichloride. 

Melting  points  : 

a-form  135-5°. 

^-form  152-0°. 

y-form  176-0°. 

Benzaconine  liydrochloride. 
Melting  point  268°. 


Benzaconine  hydrobromide. 
Melting  point  282°. 


A  eonitine  aurichloride. 
Melting  points  : 

a-form  136°. 
;8-forml49— 152°. 
No  y-form  obtainable. 

Benzaconine  hydrochloride. 
Two  varieties. 
Melting  points  : 

a-form  =  217°. 
^-form  =  268°. 

Benzaconine  hydrobro7nide. 
Melting  point  273—274°. 


It  is  therefore  probable  that  at  least  two  aconitines  derived  from  so- 
called  varieties  of  Aconitum  JSfapellus  exist  closely  resembling  each  other. 
Of  these,  one  (CggH^^OjgN),  first  described  by  Wright,  requires 
further  elucidation ;  the  other  (Cg^H^^Oj^N)  is  the  only  toxic  alkaloid 
from  Aconitum  Napellus  at  present  fully  known,  and  it  is  therefore 
convenient  that  the  name  aconitine  should  be  reserved  for  this 
substance. 

The  Aconines. 

These  alkaloids  are  the  ultimate  basic  products  of  the  action  of 
hydrolytic  agents  on  all  alkaloids  of  the  aconitine  type.  Up  to  the 
present,  the  same  aconine  has  only  been  obtained  from  two  of  these 
alkaloids,  namely,  pseudaconitine  and  indaconitine.  Pseudaconine  is 
readily  crystallisable  and  identified  therefore  with  certainty,  whereas 
the  other  aconines  (aconine,  japaconine,  and  bikhaconine)  are  amorphous 
substances  furnishing  hygroscopic  salts  which  it  is  difiicult  to  purify 
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and  therefore  to  characterise  definitely.  It  is  quite  possible  that 
further  investigation  may  show  that  some  of  the  other  aconines  are 
either  identical  or  at  least  closely  related. 

The  Atisines. 

This  group  of  non-poisonous  alkaloids,  which  contains  at  present  two 
members,  atisine  and  palmatisine,  has  been  but  little  investigated. 
Atisine,  which  is  obtained  from  the  roots  of  the  Indian  plant  Aconiium 
heterojyhyllum,  was  first  isolated  by  Broughton  (Blue  Book,  East  India 
Cinchona  Cultivation,  1877,  133),  and  was  subsequently  examined  by 
Wright  {Year  Booh  of  Pharmacy,  1879,  422),  who  assigned  to  it  the 
formula  C.^gHsi^s-^  ^°""^  ^^  '^^^'  ^"^^  ^y  Wasowicz  {Arch.  Pharm.,  1879, 
214,  193).  More  recently,  Jowett  (Trans.,  1896,  69,  1518),  in  con- 
nection with  the  present  inquiry,  has  definitely  established  the  com- 
position and  leading  properties  of  the  alkaloid  and  prepared  a  number 
of  its  salts  in  a  pure  state.  The  alkaloid  itself  is  amorphous,  but  the 
salts  crystallise  well. 

Palmatisine  which  has  been  isolated  recently  at  the  Imperial 
Institute  from  the  roots  of  the  Indian  species,  Aconitwn  palmatum, 
crystallises  well  and  in  some  respects  resembles  atisine.  Its  properties 
will  be  described  in  a  future  paper. 

Inter-relationship  of  the  Aconitines. 

Owing  to  the  extreme  difficulty  which  has  attended  the  work  of 
isolating,  purifying,  and  characterising  these  alkaloids  and  to  the 
circumstance  that  they  often  occur  in  small  quantity  in  plants  which 
are  not  easily  obtainable,  little  progress  has  as  yet  been  possible  in 
determining  their  nuclear  structui'e.  It  is,  however,  already  obvious 
that  they  may  all  be  regarded  as  derivatives  of  a  parent  base  which 
may  be  represented  by  the  formula  Cg^^HgjjN  or  CojIIg^N.  It  is  as  yet 
uncertain  how  many  atoms  of  hydrogen  should  be  assigned  to  this 
hypothetical  base.  This  can  only  be  determined  with  certainty  when 
less  complex  derivatives  of  the  aconines  are  available  for  analysis. 
The  derivation  of  the  various  alkaloids  from  the  hypothetical  base 
may  be  provisionally  represented  with  our  present  knowledge  as 
follows  : 

/OAc 

Aconitine,  Cg^H^.Oj^N C„iHo.03N^[OMe]^  . 

\OBz 
/OAc 

Japaconitine,  Cg^H^gOn  N    C^iH,g03N^[0Me]^  . 

\OBz 
/OAc 

a^Hg^OoNAoMe], . 

\0Bz 
5  R  2 
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/OAc 

Pseudaconitine,  CggHsiOi.N    aiHo702N^[OMe]^ 

\0-C^H3(OMe)2'CO 
/OAc 

Bikhacoiiitine,  C^^^Hs^O^jN  CoiHg^ON  HOMe]^ 

\0-CgH3(0Me)2-C0 

This  scheme  is  of  particular  interest  as  showing  that  all  these 
alkaloids  appear  to  possess  a  common  nuclear  structure  with  varia- 
tions in  the  extent  to  which  this  is  hydrogenated  and  substituted.  It 
is  known  that  the  three  remaining  oxygen  atoms  in  aconitine  and 
japaconitine  are  present  as  hydroxyl  groups. 

The  question  of  the  inter-relationship  of  these  various  alkaloids  is 
now  being  investigated  and  it  is  hoped  that  some  light  may  be  thrown 
on  this  subject  by  the  study  of  their  oxidation  products,  with  which 
some  progress  has  been  already  ma,de. 

The  advances  which  we  have  been  enabled  to  make  in  the  chemical 
classification  of  this  important  group  of  alkaloids  have  been  largely 
due  to  the  interest  which  has  been  taken  in  this  investigation  by  the 
Indian  Government,  and  to  the  assistance  we  have  received  in  the 
collection  of  authentic  material  by  Sir  George  Watt,  and  latterly  by 
Mr.  I.  H.  Burkill. 

Scientific  DErAr.TMENT, 

LvirEraAL  Institute,  S.  \V. 


CLXII. — The  Influence   of  Water   and  Alcohols  on  the 
Boiling   Point    of  Esters.     I.      A    Modification    of 
Marhownikojf  s  Method  of  Prej^aration. 
By  John  Wade,  D.Sc. 

I.   The  Continuous  Formation  of  Esters  at  100°  in  Presence  of 
Sulfhuric  Acid. 

The  present  work  originated  some  years  since  in  the  accidental 
observation  that  ethyl  acetate  is  formed  freely  when  a  mixture  of 
alcohol  and  acetic  acid  is  heated  with  concentrated  sulphuric  acid  in  a 
water-bath.  According  to  Markownikoff  (Ber.,  1873,  6,  1177),  who 
devised  the  "  continuous  "  modification  of  Scheele's  method,  this  inter- 
action does  not  take  place  below  130°. 

The  observation,  although  interesting  as  indicating  a  possible   dif- 
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ference  in  the  mechanism  of  the  formation  of  esters  and  ethers,  did 
not  seem  at  the  outset  to  have  much  practical  value,  for  on  continuing 
the  addition  of  alcohol  and  acid,  as  in  Markownikoff's  process,  the 
action  usually  slackened  gradually,  and  finally  stopped  owing  to  the 
accumulation  of  the  liberated  water. 

The  process,  however,  was  used  occasionally,  and  it  eventually 
became  evident  that  under  certain  conditions  it  was  really  continuous, 
and  that  the  water  generated  did  not  necessarily  remain  in  the 
distilling  flask,  but  passed  over  with  the  ester.  It  was  observed  that 
the  rate  and  extent  of  heating  made  a  very  material  difference  ;  when 
the  flask  was  only  partially  immersed  in  the  bath,  the  action  slackened 
and  eventually  stopped,  whilst  when  it  was  immersed  as  completely  as 
jjossible,  so  that  condensation  was  minimised,  the  retardation  was 
much  less  marked ;  finally,  when  under  these  conditions  an  excess  of 
alcohol  was  employed,  the  operation  could  be  continued  indefinitely. 

The  presence  of  the  sulphuric  acid  is  essential,  but  there  is  no 
advantage,  but  rather  a  disadvantage,  in  a  large  quantity  ;  esterifica- 
tion  proceeds  fairly  rapidly  even  with  1  c.c,  and  the  best  results  are 
obtained  with  10  or  20  c.c.  Other  strong  acids  may  be  substituted, 
but  as  there  is  rarely  any  charring,  this  is  only  necessary  in  special 
cases. 

The  sulphuric  acid  is  mixed  with  twice  its  volume  of  the  mixture 
of  alcohol  and  acid  (in  the  case  of  ethyl  acetate,  for  example,  three 
volumes  of  ethyl  alcohol  to  two  volumes  of  acetic  acid),  and  heated 
in  a  water-bath  until  the  action  commences  ;  this  may  require  from 
a  few  minutes  to  half  an  hour,  according  to  the  ester,  and  appears 
to  be  dependent  on  the  accumulation  of  a  sufficient  amount  of 
alkyl  sulphuric  acid.  The  mixed  alcohol  and  acid  are  then  delivered 
beneath  the  surface  of  the  liquid  at  such  a  rate  as  to  keep  its 
volume  constant ;  for  this  purpose,  the  dropping  funnel  arranged  as 
in  the  illustration  on  p.  1658  is  convenient,  the  stem  being  drawn  out  to 
a  moderately  fine  point  in  order  to  prevent  the  ascent  of  vapour.  A 
relatively  large  heating  surface,  such  as  is  aff"orded  by  a  well-immersed 
Erlenmeyer  flask,  is  essential  for  rapid  action  ("fast"  process,  see 
p.  1667). 

The  process  may  be  interrupted  at  any  time  without  detriment,  for 
once  the  action  has  attained  its  normal  rate  there  is  no  delay  in 
restarting,  other  than  that  involved  in  again  heating  the  materials  to 
the  necessary  temperature.  All  the  simple  aliphatic  esters  and  many 
of  the  more  complex  and  aromatic  esters  may  be  made  in  this  manner, 
the  operation  being  carried  on  under  reduced  pressure  with  the  less 
volatile ;  details  as  to  these  are  reserved  pending  the  determination  of 
their  respective  constants  (compare  p.  1665). 

The  great  advantage  of  this  continuous  process  is  that  it  requires 
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no  attention  ;  when  once  the  apparatus  is  set  up  and  the  operation 
started^  it  is  as  easy  to  make  several  litres  of  ester  as  a  few  c.c.  The 
process  is  also  fairly  economical,  as  although  an  excess  of  the  alcohol 
is  necessary,  this  is  easily  recovered  in  the  purification  (p.  1668). 

II.  Fractionation  of  Crud,e  Ethyl  Acetate  made  hy  the  "  Slow  " 
Continuous  Process. 
As  the    greater   part    of   the    foregoing    products  when  redistilled 
boiled  almost  constantly  at  70 — 71°,  namely,  6°  below  ethyl  acetate,  it 


seemed  probable  that  they  contained  a  mixture  of  constant  boiling 
point,  analogous  to  the  binary  and  ternary  mixtures  which  have  been 
isolated  from  chloroform,  alcohol,  and  water  (Wade  and  Finnemore, 
Trans.,  1904,  85,  938).  A  possible  binary  component  boiling  at 
71 — 72°  had,  in  fact,  been  obtained  empirically  by  Eyland  {Amer. 
Chem.  J.,  1899,  22,  394)  by  distilling  a  series  of  mixtures  of  ethyl 
acetate  and  alcohol. 

Vai'ious  products  obtained  in  this  way  were  therefore  submitted  to 
fractionation  through  a  five-section  or  eight-section  Young  evaporator 
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still-head,  and  the  following  may  be  taken  as  typical  examples  of  the 
results. 

The  product  of  the  interaction  of  420  c.c.  of  95  per  cent,  alcohol  and 
400  c.c.  of  97  per  cent,  acetic  acid,  in  presence  of  20  c.c.  of  sulphuric 
acid,  was  collected  in  three  portions,  together  amounting  to  700  c.c.  ; 
the  materials  in  this  particular  experiment  being  in  approximately 
equimolecular  proportion,  the  residue  steadily  increased  in  bulk  as 
the  water  accumulated,  and  its  volume  at  the  end  of  the  operation  was 
125  c.c. 

Portion.  Volume.  Sp.  gr. 

First 200  c.c.  0-910 

Middle 300    „  0-922 

Last 200    ,,  0-932 

Loss  and  shrinkage    ..., 15  c.c. 


First  Portion. 

Amount  fractionated,  91  grams. 

B.  p.* 
69-4—70-1" 
70-1—70-3 
70  3—70-35 

Weight. 
16-5 
19-4 
17-2 

A.t 

26 

107 

378 

B.  p. 

70-35—70-45" 
70-5  -70-55 

Residue 

Loss 

Weight. 
18-7 
12  2 
5-9 
1-1 

A. 

206 
268 

*  All  boiling  points  are  corrected  and  reduced  to  760  mm.,  and  all  specific  gravi- 
ties  are  given  at  15715". 

Percentage  weight  of  fraction. 


t  A 


Increment  of  temperature. 


I 


The  main  fraction  (sp.  gr.  0*9034)  boiled  at  70-3°.  The  sp.  gr.  fell 
to  0-9021  at  70-35°,  but  rose  again  to  0-9065  at  70-5°;  the  distillation 
was  evidently  approaching  a  second  maximum. 

Middle  Portion  (washed  with  brine). 
Amount  fractionated,  119  grams. 


B.p. 


Weight. 


Weight. 


68-6  —69-6° 

1-3 

1 

69-6  —69-97 

4-0 

9 

69-97— 70-07 

13-6 

114 

7007—70-17 

15-9 

134 

7017— 7027 

15-0 

126 

70-27—70-37 

13-9 

117 

70-37- 71-r 

13-5 

15 

71-1  —75-6 

14-6 

2 

75-6  -77-2 

15-3 

8 

77-2  —78-5 

1-8 

1 

Piesidue 

6-5 

- 

Loss 

3-6 

Two  maxima  are  shown  ;  the  first  distilled  as  before  at  about  70-2° 
(sp.  gr.  0-9085),  whilst  the  second  boiled  at  about  77°  (sp.  gr.  0-9034) 
and  was  impure  ethyl  acetate.  The  sp.  gr.  fell  to  a  minimum  of  0-9003 
at  71 — 75°.  The  rise  in  boiling  point  above  that  of  ethyl  acetate 
(77-15°)  is  accounted  for  by  the  presence  of  acetic  acid  in  the  residue. 
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Last  Portion. 
Amount  fractionated,  1  73  grams. 
B.  p.  Weight.  A.  B.  p.  Weiglit. 


68-4    -69-95° 

5-6 

2 

70-29—  70-31° 

15-4 

446 

69-95—70-05 

15-9 

92 

70-31—  70-35 

16-5 

•238 

70-05—70-15 

16-2 

94 

70-35—  76-8 

11-7 

1-0 

70-15-70-18 

18-8 

362 

76-8  —1000 

2-8 

0-1 

70-18—70-25 

24-0 

198 

100-0  -100  4 

9-3 

1-3 

70-25-70-29 

18-8 

272 

Residue  and  loss 

18-0 

— 

There  are  here  two  maxima  of  low  boiling  point,  at  70*2°  and  70*3°, 
the  third  maximum  at  100°  being  water.  The  sp.  gr.  remained 
practically  constant  at  0-911°,  but  as  the  product  was  turbid  and 
deposited  water,  the  significance  of  this  is  not  great.  The  sp.  gr.  rose 
to  0-998  at  the  end,  and  the  residue  again  contained  a  considerable 
amount  of  acetic  acid. 

The  middle  fractions,  69*95 — 70-35°,  which  were  turbid,  were  separ- 
ated from  the  subjacent  water  and  refractionated.  They  now  gave  only 
a  single  maximum.  The  earlier  fractions  again  deposited  an  aqueous 
layer,  but  the  main  fraction,  which  boiled  steadily  at  70-25 — 70-27°, 
was  homogeneous  (sp.  gr.  0  9091). 

The  percentage  of  ester  in  this  fraction,  estimated  by  hydrolysis 
with  standard  alkali,  was  84-0,  and  as  the  sp.  gr.  was  very  nearly 
that  of  ethyl  acetate  (0-9072),  it  was  evidently  a  ternary  mixture 
containing  alcohol  (0-7943)  and  water  in  approximately  equal  propor- 
tions. Attempts  to  estimate  the  alcohol  by  the  sp.  gr.  method,  after 
hydrolysing  the  ester,  gave  unsatisfactory  results,  and  in  order  to 
obtain  further  data  for  determining  the  composition,  known  mixtures 
of  pure  materials  were  fractionated. 

III.   Isolation  of  a  Binary  Mixture  of  Ethyl  Acetate  and  Water. 

The  ethyl  acetate  employed  for  this  purpose  (Kahlbaum's,  sp.  gr. 
0*9070)  was  purified  by  fractionation  with  0*5  per  cent,  of  water 
(p.  1668);  after  the  separation  of  the  moi*e  volatile  aqueous  fractions 
at  70—71°,  about  75  per  cent,  of  the  product  distilled  at  77-10— 77*15°. 

a.   Ester  in  Excess. 
Ester  71*8  giams      Water  2-8  grams. 


B.  p. 

Weight. 

A. 

B.  p. 

AVeiglit. 

A. 

70-44—70-45° 

19-0 

2555 

76-7-77-15^ 

9-5 

£8 

70-45  -73-8 

13-3 

5 

,  Residue 

9-6 

— 

73-S  -76-7 

21-3 

10 

Loss 

1-9 

— 

B.p. 

Weight 

70-33-70-43° 

5-3 

70  43-70-45 

51-3 

70-45— 85-00 

0-4 
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The  binary  mixture  distilled  very  sharply  ;  *  it  was  very  turbid 
and  deposited  an  aqueous  layer  of  I'l  c.c.  on  keeping.  After  the 
middle  point,  73-8°,  the  distillate  cleared,  and  was  finally  pure  ester, 
sp.  gr.  0-9073. 

The  percentage  of  water  in  saturated  ethyl  acetate  at  19°  was  found 
by  direct  addition  to  be  3-02,  and  taking  the  lower  aqueous  layer  of 
I'l  c.c.  as  pvire  water  (the  error  is  negligible),  it  follows  that  the 
binary  mixture  contains  8-6  per  cent,  of  water.  The  water  was  also 
estimated  from  the  relative  weight  of  the  fractions  above  and  below 
the  middle  temperature  (Young  and  Fortey,  Trans.,  1902,  81,  752). 
The  corrected  weight  of  the  fraction  below  73-8°  was  33-3  grams,  on 
which  the  2-8  grams  of  water  taken  is  8-4  per  cent. 

b.    Water  in  Excess. 

Ester  51-3  grams.     Water  20-2  grams. 

A.  I               B.  p.  AVeight.  A, 

74  I  S5— 100°                 3-6  0-34 

iOO  I  Residue                  9-1  — 

0-04  Loss                       1-8  — 


The  binary  mixture  again  distilled  very  sharply,  the  temperature 
rising  with  very  great  rapidity  as  soon  as  the  ester  was  exhausted. 
The  mixture  deposited  2-9  c.c.  of  water,  which  with  the  dissolved 
water  amounts  to  8-5  per  cent.  The  corrected  weight  above  the  middle 
temperature,  85°,  was  15-3  grams,  leaving  4-9  grams  of  water  in  the 
binary  mixture  ;  the  corrected  weight  of  the  latter  was  56-2  grams, 
giving  8-7  per  cent,  of  water.  Other  fractionations  gave  substantially 
the  same  results. 

Ethyl  acetate  therefore  forms  a  binary  mixture  with  water,  which 
boils  constantly  at  70'45°  and  contains  approximately  8-6  per  cent,  of 
water. 

IV.  Isolation  of  a  Binary  Mixture  of  Ethyl  Acetate  and  Ethyl  Alcohol. 

The  alcohol  was  95  per  cent,  spirit,  dehydrated  repeatedly  over 
lime ;  as  shown  by  its  sp.  gr,  0-7949,  it  contained  0-2  per  cent,  of 
water. 

*  The  boiling  point  of  this  mixture  is  so  exceeding]}^  sharp  that  it  may  he  cm- 
ployed  as  a  standard.  "  Pure  "  commercial  ethyl  acetate  (p.  16C7)  is  distilled  with 
about  8  per  cent,  of  water  ;  the  correction  for  small  deviations  from  normal  pressure 
is  0-035°  per  mm. 
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a.  Ester  in  Excess. 
Ester  90  "7  grams.     Alcohol  16-0  grams. 


B.  p. 

Weight. 

A. 

71 -15-71 -65° 

14-8 

28 

71-65— 71-95 

16-6 

52 

71-95—72-65 

15-5 

21 

72-65- 74-65 

15-3 

7 

B.p. 

Weight. 

A. 

74-65— 76-65° 

15-5 

7-3 

76-65—77-05 

9-9 

23 

77  05—77-15 

12-6 

118 

Residue 

6-0 

Loss 

0-5 

— 

The  binar}^  mixture  distilled  at  about  71-8°,  but  not  so  sharply  as 
the  aqueous  mixture.  The  sp.  gr.  dropped  from  0-8778  to  a  minimum 
of  0-8754  at  the  binary  maximum,  and  then  rose  steadily  to  0-9074, 
practically  the  sp.  gr.  of  ethyl  acetate.  The  corrected  weight  of  distillate 
below  the  middle  temperature,  74*45°,  was  62-7  grams,  on  which  the  16-0 
grams  of  alcohol  taken  is  25-6  per  cent.  Another  experiment  with 
somewhat  different  proportions  gave  a  minimum  sp.  gr.  of  0-8721,  and 
25-8  per  cent,  of  alcohol. 


b.   Alcohol  in  Excess. 
Ester  90-7  grams.     Alcohol  79-9  grams. 


B.p. 


Weight. 


70-9  —71-65° 

3-5 

2-7 

71-65—71-76 

35-6 

190 

71-76-71-80 

18-4 

270 

71-80— 71-85 

17-5 

206 

71-85—71-95 

17-5 

103 

71-95-72-4 

15-9 

21 

B.p. 


Weight. 


72-4—73-1° 

16-5 

14 

73-1-74-9 

13-4 

4-4 

74-9—78-1 

5-7 

1-0 

78-1—78-25 

14-6 

57 

Residue 

11-0 

_ 

Loss 

1-0 

— 

The  binary  mixture  again  distilled  at  about  71*8°,  more  sharply 
than  with  ester  in  excess ;  its  sp.  gr.  was  0*8669.  The  sp.  gr. 
then  fell  steadily  to  0-7989,  nearly  that  of  alcohol.  The  corrected 
weight  of  the  fractions  above  the  middle  temperature,  75-0°,  cor- 
responding with  the  excess  of  alcohol,  was  30'6  grams;  the  alcohol  in 
the  binary  mixture  was  therefore  79-9  -  30-6,  or  49-3  grams,  which  on 
140-0  grams,  the  weight  of  the  binai'y  mixtui-e,  is  35-3  per  cent. 
Another  experiment  with  somewhat  different  proportions  gave  a 
minimum  sp.  gi*.  0-8674,  and  35*4  per  cent,  of  alcohol. 

The  four  binary  fractions  were  mixed  and  refractionated ;  they 
distilled  entirely  at  71*7 — 71-9°,  the  greater  part  boiling  sharply  at 
71-82—71-84°  (sp.  gr.  0-8679).  The  divergence  between  the  two  sets 
of  percentage  values  indicates  a  flatness  of  the  boiling-point  curve  in 
the  neighbourhood  of  the  minimum,  and  points  to  the  mean  of  30-5 
per  cent,  as  the  true  value.  This  value,  moreover,  is  in  agreement 
with  the  31  per  cent,  obtained  by  Ryland  {loc.  cit.). 
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A  mixture  of  69-64  per  cent,  of  ester  with  30-36  percent,  of  alcohol 
was  therefore  fractionated ;  its  sp.  gr.  was  0-8685.* 


c.  Ester  and  Alcohol  nearly  Balanced. 
Weight  fractionated  69-6  grams. 


I 


B.p. 

Weight. 

A. 

B.p. 

Weight. 

A. 

70-1  —71-8° 

2-9 

2-4 

71-83—71-84" 

9-5 

1365 

71-8  —71-82 

5-1 

366 

Residue 

9-8 

71-82—71-83 

41-3 

5930 

Loss 

1-0 

_ 

The  boiling  point  was  here  extremely  sharp,  and  the  sp.  gr. 
practically  constant ;  it  dropped  slowly  from  0-8690  to  a  minimum  of 
0-8682  at  the  binary  point,  and  then  rose  slowly  to  the  end  ;  the 
sp.  gr.  of  the  residue,  0-8706,  indicated  a  slight  excess  of  ester.  A 
mixture  having  this  minimum  sp.  gr.,  allowing  for  expansion,  contains 
30-6  per  cent,  of  alcohol.  Ethyl  acetate  therefore  forms  a  binary 
mixture  with  ethyl  alcohol,  which  boils  constantly  at  71-8^  and 
contains  30-6  per  cent,  of  alcohol;  sp.  gr.  0*8682. 

Y.  Isolation  of  a   Ternary  Mixture    of  Ethyl    Acetate,   Alcohol,    and 
Water. 

Preliminary  trials  showed  that,  as  anticipated,  ethyl  acetate  forms, 
within  limits,  a  homogeneous  mixture  with  alcohol  and  water  when 
these  are  present  in  nearly  equal  proportions.  Preliminary  fractiona- 
tions of  several  such  mixtures  resulted  in  every  case  in  the  isolation 
of  a  component  (sp.  gr.  0-91),  which  boiled  constantly  at  about  70-3° 
and  closely  resembled  the  fractions  obtained  from  the  "  continuous  " 
products  (p.  1658).  The  complete  fractionations  gave  the  following 
results  : 

a.   Alcohol  and  Water  in  Excess. 


Ester  163-4 

grams. 

Alcohol  31-8  grams.     Water  31-8  gram 

s. 

B.p. 

Weight. 

A. 

B.p. 

Weight. 

A. 

69-8  — 70-3r 

5-8 

5 

70-48—  70-65° 

16-3 

42 

70  31—70  32 

62-5 

2760 

70-65-  77-65 

0-8 

0-5 

70-32- 70-34 

30-6 

674 

77-65—  78-6 

13-1 

6-1 

70-34-70-36 

16-3 

359 

78-6  —100-0 

2-0 

0-04 

70-36—70-43 

49-5 

312 

100  0  —100-1   . 

5-0 

22 

70-43—70-48 

15-1 

133 

Residue 

9-0 

Loss 

1-0 

— 

Three  components  are  here  evident;  a  ternary  mixture  at  70-3°, 
aqueous  alcohol  at  78°,  and  water  at  100°.     The  sp.   gr.  remained 

*  The  calculated  sp.  gr.  is  0-8697,  so  that  there  is  an  expansion  of  0-14  per  cent.  ; 
it  is  noteworthy  that  there  is  a  marked  fall  in  temperature  on  mixing  these  two 
liquids. 
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at  0-9080  up  to  70-36°  ;  it  then  fell  steadily  to  a  minimum  of  0-8221  at 
78°,  at  which  temperature  the  boiling,  which  had  been  somewhat 
jerky,  suddenly  became  regular;  it  rose  finally  to  1-001.  The 
ternary  mixture  was  clear,  and  when  refractionated  distilled  sharply 
at  70-31°;  sp.  gr.  0-9082. 

The  corrected  weights  of  the  components  below,  between,  and 
above  the  middle  temperatures,  namely,  74-3°  and  89°,  were :  ternary 
mixture,  197-0  grams;  aqueous  alcohol,  14'5  grams;  water,  15-5 
grams.  The  aqueous  alcohol  contained  0-65  gram  of  water  (assuming 
it  to  be  Young's  mixture  of  constant  boiling-point,  containing  4-5  per 
cent,  of  water)  ;  the  weight  of  water  in  the  ternary  mixture  was 
therefore  31-8 -(15  5  +  0-65)  or  15-65  grams  ;  the  alcohol  in  the  ternary 
mixture  was  31-8  -  (14-5  -  0-65)  or  17-95  grams.  This  mixture  there 
fore  contained  9-1  per  cent,  of  alcohol  and  7-9  per  cent,  of  water. 


b.  Ester  in  Excess. 
Ester  90-3  "rams.     Alcohol  6-0  grams.     Water  3-4  grams. 


B.p. 

Weight. 

A. 

B.  p. 

Weight. 

A. 

70-0  —70-22° 

2-0 

.    9-4 

71-15—74-45° 

6-9 

2-2 

70-22— 70-27 

5-9 

122 

74-45— 77 '0 

20-0 

8-1 

70-27—70  32 

17-9 

369 

77  0  —77  2 

160 

82 

70-32— 70-42 

11-3 

116 

Residue 

11-8 

— 

70-42— 71-15 

6-9 

9-8 

Loss 

1-0 

— 

The  ternary  boiling-point  is  here  practically  identical  with  that  of 
the  preceding  fractionation ;  the  sp.  gr,  was  09  090.  The  ester 
fraction  is  well  marked  at  77°,  but  the  intermediate  ester-alcohol 
component,  which  should  show  a  maximum  at  7 18°,  is  maske4  by  its 
collection  between  the  two  middle  temperatures,  both  of  which  are 
at  minima  of  distillation  ;  its  presence  is  shown,  however,  by  the 
sp.  gr.,  which  fell  to  a  minimum  of  0-8820  at  this  point,  prior  to 
rising  to  0-9065,  the  sp.  gr.  of  the  ester  fraction. 

The  corrected  weights  of  the  three  components  below,  between,  and 
above  the  middle  temperatures,  71-15°  and  74-45°,  were  :  ternary 
mixture,  44-5  grams  ;  ester-alcohol  mixture,  6-9  grams  ;  excess  of  ester, 
48-3  grams.  The  whole  of  the  water,  3*4  grams,  was  necessarily  in 
the  ternary  mixture,  together  with  that  part  of  the  alcohol  which 
was  not  in  the  ester-alcohol  ;  as  the  latter  contained  2-1  grams  (30-6 
per  cent.),  the  alcohol  in  the  ternary  mixture  amounted  to  6-0-2-1, 
or  3-9  grams.  This  mixture  therefore  contained  8-8  per  cent,  of 
alcohol  and  7-7  per  cent,  of  water. 

The  calculated  sp.  gr.  of  a  mixture  having  the  composition  indicated 


ON   THE    BOILING    POINT   OF    ESTERS.      I.  1G65 

by  the  mean  of  the  above  analyses,  and  allowing    for  contraction,*   is 
0'9066,  which  is  in  fair  agreement  with  that  found. 

Ethyl  acetate  therefore  forms  a  ternary  mixture  with  ethyl  alcohol 
and  water,  which  boils  constantly  at  70-3°,  and  contains  approximately 
9'0  per  cent,  of  alcohol  and  7 '8  per  cent,  of  water;  sp.  gr.  ap- 
pi'oximately  0-9085, 

VI.  Analysis  of  Products  obtained  by  the  "  Continuous  "  MetJiod. 

The  possible  components  of  constant  boiling  point  which  may  be 
isolated  from  a  mixture  of  ethyl  acetate,  alcohol,  and  water  are  there- 
fore as  follows  : 

Composition. 

Component.  B.  p.  Sp.  gr.  Ester.  Alcoliol.  Water. 

1.  Ternary,  E.A.W..  70-3°  0-9085  83-2  9  0  7-8 

2.  Binary,  E.W 70-45                 —  91-4  —  8-6 

3.  Binary,  E.  A 71-8  0-868-2  69-4  30-6  — 

4.  Ester,  E 77-15  0-9072  100-0  —  — 

5.  Binary,  A.  W 78-15  OSOTo              —  95-5  4-5 

G.  Alcohol,  A 78-3  0-7943              —  lOO'O  — 

7.   Water,  W 100-0  I'OOOO              —  —  100-0 

The  results  obtained  on  distilling  the  products  of  the  modified 
Markownikoff  process  (p.  1658)  are  thus  intelligible.  Both  alcohol  and 
•water  being  present,  the  above  ternary  mixture  passes  over  until  one 
or  other  of  these  constituents  is  exhausted.  If,  therefore,  the  com- 
position of  the  pi'oduct  is  about  that  of  the  ternary  mixture,  as  it  is 
when  it  is  made  slowly,  it  distils  practically  homogeneously,  as  in  the 
first  example  quoted. 

But  if  the  alcohol  is  exhausted  before  the  water,  and  the  latter  is 
also  in  excess  of  the  ester,  as  in  the  third  example,  the  ternary 
mixture  gradiially  merges  into  the  first  binary,  or  ester- water  mixture  ; 
the  boiling  point  therefore  rises  very  slightly,  and  the  sp.  gr.  also 
undergoes  little  alteration.     Finally,  when  the  ester  is  exhausted,  the 

*  A  mixture  of  85-40  per  cent,  of  ethyl  acetate  with  7-85  per  cent,  of  alcohol  and 
6-75  per  cent,  of  water  had  a  sp.  gr.  0-9085  ;  as  the  calculated  sp.  gr.  is  0  9028  there 
was  a  contraction  of  0-68  per  cent.  This  is  somewhat  remarkable,  considering  the 
decided  expansion  of  the  ester  with  alcohol.  With  water  alone,  the  contraction  is 
only  0-26  per  cent. 

The  sp.  gr.  of  ethyl  acetate  saturated  with  water  at  various  temperatures  was 
determined  as  under : 

Temperature    25°.         23°.         2-2'.         21°.         20°.       17-8".      15-7°. 

Sp.  gr.  at  i°/r 0-9030    0-9047    0-9055    0-9064    0-9072    0-9092    0-9111 

Sp.  gr.  reduced  to  15715°    09130    0-9127    0-9125    0-9124    0-9122    0-9120    0-9115 

Thesp.  gr.  at  19°/19°  is  thus  0-9083;  as  already  stated  (p.  1661),  this  solution 
contains  3-02  per  cent,  of  water;  the  calculated  sp.  gr.  of  sucli  a  mixture  at  this 

temperature  is  0'9059,  giving  the  above  contraction. 
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boiling  point  rises  to  that  of  the  remaining  component,  which  in  this 
case  is  water. 

If,  however,  the  water  is  exhausted  before  the  alcohol,  and  the  ester 
is  in  excess  of  the  latter,  as  in  the  second  example,  the  ternary 
mixture  gradually  merges  into  the  second  binary  mixture,  and  the 
third  component  is  the  excess  of  ester.  Other  courses  are  possible,  but 
these  are  the  main  types  which  were  met  with  in  the  examination  of 
the  "  coiatinuous  "  products.* 

The  composition  of  the  possible  components  having  been  determined, 
it  was  now  possible  to  analyse  the  various  products.  The  method  will 
be  gathered  from  the  following  example. 

The  middle  portion  of  the  continuous  product  previously  mentioned 
(p.  1659)  gave  the  following  corrected  figures  when  fractionated  : 
ternary  mixture,  78'8  grams;  ester-alcohol,  12*8  grams;  excess  of 
ester,  27*4  grams.  The  ternary  mixture  contained  7"10  grams  of 
alcohol  and  6"15  grams  of  water  ;  the  binary  mixture  contained  3*9 
grams  of  alcohol.  The  whole  product,  119  grams,  therefore  contained 
11-0  grams  of  alcohol  and  6'15  grams  of  water,  or  9'2  and  5'2  per 
cent,  respectively. 

The  first  jjortion  of  the  above  product  was  obviously  ternary  mixture 
with  a  slight  excess  of  ester,  and  this  accords  with  the  hydrolytic 
analysis  (p.  1660),  which  shows  84  per  cent,  of  ester,  namely,  about 
1  per  cent,  more  than  in  the  ternary  product. 

On  account  of  the  extreme  closeness  of  the  boiling  points  of  the 
ternary  and  ester-water  mixtures,  the  third  portion  of  the  pi-oduct 
could  not  be  analysed  in  this  way. 

Some  typical  results  are  given  in  the  following  table  : 

Product.  Ester.  Alcoliol.  Waten 

Continuous  "  slow  "  preparation  86-1  S'l  5-8 

86-0  9-0  5-0 

85-4  S-6  6-0 

84-0  87  7-3 

,,  ,,  ,,  dried   with    potassium 

carbonate  91-9  70  ll 

90-6  8-7  0-7 
,,                 ,,                ,,             washed  repeatedly  with 
calcium  chloride  solution 

and  brine    94-1  4-8  I'l 

„                ,,               ,,             distilled  once  with  Avater  927  6-0  1-3 
s)                 ))                >>                     >.                 ,,  dried 

with  potassium  carbonate  93 '0  67  0'3 


*  The  persistent  appearance  of  small,  somewhat  more  volatile  fractions  throughout  \ 
these  distillations  points  to  the  presence  of  some  volatile  constituent,  which  would 
not  only  pass  over  first,  but  would  also  depress  the  boiling  points  of  all  the  lower 
fractions  (compare  Wade  and  Finnemore,  loo.  cit.,  947).  A  trace  of  aldehyde  was 
found  in  one  commercial  sample  of  ethyl  acetate,  but  in  no  other  case.  The  quanti. 
ties  were  too  small  to  examine  for  ether  ;  there  is  no  record,  so  far  as  I  am  aware,  of  j 
the  formation  of  ethyl  ether  at  100°,  but  if  it  be  formed  in  minute  quantities  at  thiaj 
temperature  the  above  phenomena  are  explained.  I 
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Product.  Ester.    Alcohol.     AVater. 

Continuous  '■  last"  preparation    78'0         11'4         10"6 

75-0         13-5         11-5 

,,  ,,  ,,  dried   with    potassium 

carbonate   82*8         13-2  4-0 

81-4         15-8  2-8 

,,  ,,  ,,  washed  repeatedly  with 

calcium  chloride  solution 

and  brine    85-6  9-0  5-4 

,,  ,,  .,  distilled  four  times  with 
water,  dried  with  potass- 
ium carbonate  98'5  1'3  0-2 

98-6  1-2  0-2 

,,  ,,  ,,  the  last  distilled  over 

phosphoric  oxide  99  "55         0  3  0'15 

99-65         0-25         0-1 
,,  ,,  ,,  ,,  ,,    then 

fractionated  lOO'O  —  — 

Commercial  ethyl  acetate,  No.  1  99'7  0"2  0"1 

No.  2  98-5  0-9  0-6 

No.  3  85-8  *      10-5  37 

*  This  consisted  of  80-9  per  cent,  of  ethyl  acetate  and  4*9  per  cent,  of  ethyl 
propionate  ;  propionic  acid  is  often,  although  not  invariably,  present  in  commercial 
acetic  acid,  and  may  readily  be  isolated  by  fractionation  through  an  evaporator 
column. 

The  composition  of  the  continuous  distillate  in  the  "fast"  process 
requires  some  comment.  The  "  slow  "  process  yields  practically  the 
ternary  mixture,  although  even  here  a  certain  amount  of  water  and 
acetic  acid  is  carried  over,  more  especially  as  the  reacting  mixture 
increases  in  bulk.  When,  however,  the  flask  is  well  immersed  in  the 
bath,  the  temperature  of  the  distilled  vapours  approximates  to  81°; 
it  is  therefore  obvious  that  the  function  of  the  excess  of  alcohol  is 
to  carry  over  the  excess  of  water  above  that  required  for  the  ternary 
mixture. 

If  through  the  presence  of  an  undue  amount  of  water  in  the 
reagents  this  tends  to  accumulate  in  the  flask,  the  tendency  may  be 
corrected  within  limits  by  increasing  the  proportion  of  alcohol.  It 
may  be  observed  that  although  some  of  the  acetic  acid,  like  the  water, 
is  carried  over  during  the  preparation,  this  is  not  repeated  when  the 
product  is  fractionated. 


VII.  Purification  of  the  Contiyiuous  Products. 

The  purification  of  ethji  acetate  is  well  known  to  be  a  matter  of 
considerable  difliculty ;  Perkin  (Trans.,  1884,  45,  491)  found  it 
impracticable  to  isolate  pure  ethyl  acetate  from  the  commercial 
product,  and  remarks  on  the  variety  of  boiling  points  attributed  to 
this  compound.  The  method  of  purification  most  frequently  quoted 
consists  in  washing  the  product  with  strong  calcium  chloride  solution 
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or  brine,  and  drying  with  calcium  chloride.  The  uselessness  of  such 
washing  is  seen  from  the  above  results,  and  as  to  the  drying,  it  need 
only  be  said  that  calcium  chloride  is  freely  soluble  in  ethyl  acetate, 
and  decomposes  when  heated  with  it  (Le  Canu,  Compt.  rend.,  1885, 
100,  40).  Anhydrous  potassium  carbonate  may  reduce  the  water 
below  one  per  cent,  if  only  little  alcohol  is  present,  but  it  is  very 
unreliable. 

The  existence  of  the  various  mixtures  of  low  boiling  point  provides 
a  new  method  of  purification,  which  is  both  more  efiicient  and 
less  wasteful  than  washing  with  saline  solutions  indefinitely.  The 
crude  product  usually  floats  on  water  and  shares  its  alcohol  with 
it ;  if,  therefore,  the  two  layers  be  distilled  together  from  a  water- 
bath,  the  vapour  pressure  of  the  aqueous  alcohol  at  the  boiling 
point  of  the  ternary  and  ester-water  mixtures  is  relatively  so  low 
that  these  pass  over  as  such  until  the  ester  is  exhausted.  Tlie 
distillate  now  contains  all  the  ester,  but  less  than  two-thirds  of  the 
original  alcohol.  On  repeating  this  operation,  a  proportionate 
reduction  is  again  effected,  and  in  this  way  it  is  easy  to  reduce  the 
alcohol  to  about  one  per  cent.  The  same  reduction  may  be  effected  in 
a  single  operation  by  passing  the  vapour  through  a  series  of  flasks 
containing  water  at  100°  ;  but  for  some  reason  which  is  not  at  present 
apparent  the  process  is  much  more  wasteful. 

The  remaining  alcohol  and  the  water  may  now  be  removed  in 
either  of  two  ways  :  by  fractionation  through  a  very  efficient 
still-head,  when  they  are  eliminated  as  ternary  and  ester-water 
mixtures  (the  water  should  be  in  slight  excess,  as  the  ester-alcohol 
mixture  is  difficult  to  separate)  ;  or  more  expeditiously  by  drying 
roughly  with  potassium  carbonate  and  distilling  over  phosphoric 
oxide.  The  last  traces  of  impurities  can  only  be  removed  by  careful 
fractionation,  either  of  the  dry  ester  or,  better,  with  O'S  per  cent, 
of  water  (compare  p.  1660).  The  examples  quoted  in  the  preceding 
table  give  an  idea  of  the  kind  of  results  which  are  attainable. 

This  method  of  purification  is  applicable  to  all  those  esters  which 
can  be  prepared  by  the  continuous  method  (p.  1657),  but  details  as  to 
these  must  be  reserved  until  their  constants  have  been  determined. 

Guy's  Hospital, 

London  Bkidge,  S.E, 
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CLXIIL — The  Constitution  of  Glutaconic  Acid. 

By  JocELYN  Field  Thorpe. 

The  tendency  for  a  double  bond  which  is  in  the  ^y-position  in  respect 
to  a  carboxyl  group  to  take  up  that  position  which  is  a^  to  that 
carboxyl  group  has  formed  the  subject  of  a  number  of  communications 
by  Fittig  and  his  pupils.  No  work  seems  to  have  been  done,  however, 
on  the  behaviour  of  a  compound  such  as  glutaconic  acid  in  which,  by 
reason  of  the  pi'esence  of  two  carboxyl  groups,  the  double  bond,  while 
being  in  the  a/3-position  to  one  of  them,  must  at  the  same  time  be  in 
the  /3y-position  to  the  other. 

If  the  formula  of  glutaconic  acid  is  represented  by 

jHo-ch:ch 

it  is  obvious  that  the  following  methyl  derivatives  must  be  capable 
of  existence. 

(1)  Monomethyl  derivatives : 

*a-Methylglutaconic  acid,  CO._jH-CHMe-CH:CH-COoH  ;  |8-methyl- 
glutaconic  acid,  COoH'CH'OMe'.GH'CO.,!!  ;  y-methylglutaconic  acid, 
COoH-CH-CHiCMe^-COgH. 

(2)  Dimethyl  derivatives  : 

*aa-Dimethylglutaconic  acid,  COaH-CMe./CHICH'COoH  ;  a/3-di- 
methylglutaconic  acid,  C02H-CHMe-CMe:CH-C02H ;  iSy-dimethyl- 
glutaconic  acid,  COoH-CHo'CMelCMe-CO^H  ;  *ay-dimethylglutaconic 
acid,  CO.H-CHMe-CHICMe-COjH. 

(3)  Trimethyl  dei'ivatives  : 

*aa^-Trimethylglutaconic  acid,  COaH-CMeo'CMelCH-COoH  ;  *aay- 
trimethylglutaconic  acid,  CO.^H'CMeg'CHICMe-COoH;  a/5y-trimethyl- 
glutaconic  acid,  COgH-CHMe-CMeiCMe-COgH. 

(4)  Tetramethyl  derivative  : 
aa/3y-Tetramethylglutaconicacid,  COoH-CMeo'CMelCMe-COoH. 

Of  the&e,  the  following,  marked  above  with  a  star,  have  already 
been  prepared  and  investigated. 

a- Methyl  glutaconic  acid  (m.  p,  137°)  was  prepared  by  Conrad    and 
Guthzeit  {Annalen,  1884,  222,  259),  who  obtained  it  on  hydrolysiog 
the  tetraethyl   salt   formed   by   the   action   of   methyl  iodide  on    the 
sodium  derivative  of  ethyl  dicarboxylglutaconate, 
(C02Et)2:CNa-CH:c:(C02Et)2. 

VOL.    LXXXVII.  5   S 
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The  same  acid  was  also  prepared  under  the  name  of  anhydro-8-oxy- 
a-methylglutaric  acid  by  the  action  of  sodium  amalgam  on  a  boiling 
solution  of  nicotinic  acid  in  caustic  potash  (Weidel,  Monatsh.,  1890, 
11,  503),  its  identity  with  a-methylglutaconic  acid  being  subsequently 
shown  by  Smoluchowsky  [Monatsh.,  1894,  15,  64). 

Two  dimethylglutaconic  acids  have  been  prepared  : 

ay  Dimethylglutaconic  acid  (m.  p.  147°)  was  obtained  by  Reformatzky 
{Chem.  Cenir.,  1898,  11,  886)  from  dimethyloxyglutaric  acid  on 
treatment  with  sulphuric  acid,  and 

aa- Dimethylglutaconic  acid  was  originally  synthesised  by  Henrich 
[Monatsh.,  1899,  20,  560)  from  the  product  of  the  interaction  of 
methyl  iodide,  sodium  ethoxide,  and  ethyl  glutaconate.  The  acid 
prepared  in  this  way  melted  indefinitely  at  123 — 133°,  and  gave 
dimethylmalonic  acid  on  oxidation.  Its  nature  was  subsequently 
investigated  by  Perkin  and  Smith  (Trans.,  1903,  83,  8),  who  showed 
thaL  it  probably  consisted  of  a  mixture  of  cis-aa-dimethylglutaconic  acid 
(m.  p.  135 — 137°)  and  fra>is-aa-dimethylglutaconic  acid  (m.  p.  172°). 
The  trans-Sicid.  had  previously  been  prepared  by  Perkin  (Trans.,  1902, 
81,  253)  by  eliminating  hydrogen  bromide  from  ethyl  y-bromo-aa- 
dimethylglutarate,  CO^^Et-CMeo'CH^-CHBr-COgEt,  by  means  of  alco- 
holic potash,  and  later  (Trans.,  1903,  83,  8)  Perkin  and  Smith 
prepared  the  cis-acid  by  the  reduction  of  ethyl  aa-dimethylacetonedi- 
carboxylate  (compare  also  Blaise,  Compt.  rend.,  1903,  136,  381 
and  692). 

Another  acid,  melting  at  150°,  was  described  by  Conrad  [Ber., 
1899,  32,  137;  1900,  33,  1921)  as  aa-dimethylglutaconic  acid,  but 
was  later  shown  by  Perkin  (Trans.,  1902,  81,  249)  to  possess  another 
constitution. 

Two  of  the  three  trimethylglutaconic  acids  have  been  prepared  and 
investigated. 

aafi- Trimethylglutaconic  acid  was  obtained  by  Perkin  and  Thox'pe 
(Trans.,  1897,  71,  1182)   in  their  experiments  on  the   synthesis  of 
i  camphoronic    acid,   it   having    been    formed    by  the    elimination   of 
hydrogen  bromide  from  ethyl  /3-bromo-aa/3-trimethylglutarate, 
COgEt-CMeg-OMeBr-CH.^-COoEt. 

This  acid  was  obtained  in  two  well-defined  modifications,  the  less 
sokible  melting  at  148°,  and  the  more  soluble  at  133°,  the  latter 
yielding  an  anhydi'ide  melting  at  107°.  Although  the  isomerism  of 
these  acids  was  not  at  the  time  understood,  there  can  be  no  doubt 
(compare  Perkin  and  Smith,  Trans.,  1903,  83,  774)  that  they 
represent  the  cis-  and  tra7is-iovm.&  of  aa^-trimethylglutaconic  acid. 

aay- Trimethylglutaconic  acid  also  exists  m  well-defined  cis- and  trans- 
modifications.  They  were  prepared  by  Perkin  and  Smith,  the  trans- 
acid  (Trans.,  1903,  83,  771)  by  the  elimination  of  hydrogen  chloride 
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from  the  chloro-compound,  COaH-CMe^'CHCl-CHMe-COgH  (obtained 
from  either  cis-  or  <7-«?i5-/?-hydroxy-aay-trimethylglutaric  acid),  and 
the  m-acid  (Trans.,  1904,  85,  155)  by  distilling  ciV^-hydroxy-aay-tri- 
methylglutaric  acid  under  the  ordinary  pressure  ;  the  trans-sicid  melts  at 
150^  and  the  ciVacid  at  125^,  the  anhydride  of  the  latter  melting 
at  88°. 

This,  then,  repxesents  the  chemistry  of  the  methyl  derivatives  of 
glutaconic  acid  up  to  the  present  time,  and  in  the  ensuing  papers  the 
preparation  and  properties  of  all  the  other  members,  excepting  aafSy 
tetramethylglutaconic  acid,  are  described. 

From  the  experiments  described  therein,  it  is  proved  that  the  a/S- 
and /3y-derivatives  of  glutacooic  acid  are  identical,  and  that  the  a-  and 
y-positions  in  glutaconic  acid  are  therefore  the  same.  This  is  evident 
from  the  fact  that  the  two  acids 

C0.2H-CHMe-CMe:CH-C0,,H  and    COoH-CH./CMelCMe-COoH, 

a)3-Diinethylglutaconic  acid.  iSy-Dimethylglutaconic  acid. 

and  the  two  acids 

CO.^H-CHEfCMelCH-CO^H  and   COoH-CHg-CMelCEt-CO.^H, 

j3-Metliyl-a-ethy]glutaconic  acid.  j8-Methyl-7-ethylghitaconie  acid. 

prepared  by  methods  which  leave  no  doubt  as  to  their  constitutions, 
are  in  all  respects  the  same. 

Since  the  proof  of  the  constitution  of  these  acids  is  intimately  con- 
nected with  the  formation  of  derivatives  of  2  :  6-dihydroxypyridine  from 
glutaconic  acid  and  its  derivatives,  it  is  necessary  in  the  first  instance, 
before  dealing  with  this  proof,  to  describe  the  conditions  of  formation 
of  these  compounds. 

The  first  recognition  of  the  fact  that  the  imides  of  the  glutaconic 
acid  are  derivatives  of  2  :  6-dihydroxypyridine, 

CH  CH 

CHo  CH  CH    CH 

CO     CO  HO-C       C-OH  ' 


NH  N 

is  stated  (compare  Anschutz,  Y.  v.  Eichter,  Chemie  der  KohZenstoffver- 
bindungen,  1896,  pp.  519  and  527)  to  have  been  made  by  Kekule,  Avho 
obtained  2  :  6-dihydroxypyridine  by  the  action  of  concentrated  sulphuric 
acid  on  the  diamide  of  /3-hydroxyglutaric  acid,  on  glutaminic  acid,  and 
on  the  diamide  of  glutaconic  acid.  Although  there  can  be  no  doubt 
that  these  reactions  would  have  yielded  the  pyridine  derivative,  yet 
no  account  of  Kekule's  work   appears  in  the  literature,  and  the  first 

5  S   2 
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published  work  on  this  subject  is  due  to  Ruhemann,  who  (Trans.,  1893, 
63,  259)  prepared  3-benzyl-2  :  6-dihydroxypyridine  by  heating  ethyl 
a-benzylglutaconate  with  aqueous  ammonia  in  a  sealed  tube  for  two 
or  three  days, 

CH  CH 


CH      CH-CH,Ph  CH     C-CHoPh. 


-■> 


HO-C        C-OH 


N" 


later,  he  prepared  the  corresponding  3-methyl-2  : 6-dihydroxypyridine 
by  treating  ethyl  a-methylglutaconate  with  ammonia  (ibid.,  p.  874). 

2  :  6-Dihydroxypyridine,  which  should  be  produced  by  the  action  of 
ammonia  on  ethyl  glutaconate,  although  undoubtedly  formed,  could 
not  be  isolated  owing  to  the  rapidity  with  which  it  oxidised  in  the  air 
(Trans.,  1891,  59,  743  ;  compare  also  Guthzeit  and  Dressel,  Annalen, 
1891,262,113).  This  substance  was,  however,  subsequently  isolated 
by  Ruhemann  (Trans.,  1898,  73,  350),  from  the  product  of  the  inter- 
action of  hydrochloric  acid  on  ethyl  aa-dihydroxynicotinic  acid,  a 
substance  which  he  had  previously  prepared  (Ruhemann  and  Brown- 
ing, Trans.,  1898,  73,  280)  from  ethyl  dicyanoglutaconate. 

It  is  apparent  that  only  those  derivatives  of  glutaconic  acid  which 
contain  the  two  necessary  mobile  hydrogen  atoms  can  yield  derivatives 
of  2  :  6-dihydroxypyridine,  and  that  glutaconic  acids  in  which  both 
hydrogen  atoms  of  the  methylene  group  are  substituted  cannot  give 
pyridine  derivative?. 

Thus,  a/?-  and  ^y-dimethylglutaconic  acids  will  yield  the  same  di- 
methyl-2  :  6-dihydroxypyridine, 

Me  Me  Me 

c  c  c 

^\  ^\  /\ 

CH      CHMe  CH     CHMe  CH      CMe 

X^  TT       — >       l^Q      ^Q  or        jjQ.^l,  ^.Qjj       and 


(a;3.)  NH                                                  N 

Me  Me                                       Me 

,           c  c                            c 

^      ^\  ^\                 /\ 

repre  ^^^    ^^^  (.^^    Cjj^                          q^^^    CjI 

""'  CO,H  C0"h     "^      CO      CO        ""''        HO-C         C-OH 

modii       ^           ^  .       , 

acid  (Ix    (^^  )  NH 
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a/?y-Trimethylg]utaconic  acid  will  give  a  trimethyI-2  :  6-dihydroxy- 
pyridine  : 

Me  Me  Me 

c  c  c 


MeC          CHMe 

MeC 

CHMe 

CMe    CMe 

CO^H  CO^H 

— >- 

CO 

CO 

or 

HO-C         C-OH 

(a^y.)  NH  N 

but  aa-dimethylglutaconic  acid,  aay-trimethylglutaconic  acid,  and 
aa/?-trimethylglutaconic  acid  cannot  yield  derivatives  of  2  :  6-dihydroxy- 
pyridine,  since,  in  them,  the  hydrogen  atoms  of  the  methylene  group 
are  both  substituted.     Thus  : 

CH  CH 

/%  /% 

CMe,   CH  gives  tlie  iniide        CMCa   CH 

CO,HCOoH  — >  CO  ^  CO 

oa-Dimethylglutaconic  acid.  'NJi 

A  general  method  for  the  preparation  of  many  of  these  substituted 
glutaconic  acids  is  described  in  the  next  communication  {Rogerson  and 
Thorpe).  Briefly  stated,  it  consists  in  condensing  the  sodium  deriv- 
ative of  ethyl  cyanoacetate  with  ethyl  aeetoacetate,  whereby  a  good  yield 
of  the  corresponding  ethyl  cyanomethylglutaconate  is  produced. 

From  its  mode  of  formation,  this  substance  might  be  expected  to 
have  one  of  the  two  following  formulje  : 

CN      Me  CN      Me 

U=C-CH,-CO.Et  CH — C:CH-COoEt . 

COaEt  COgEt 

I.  II. 

In  the  first  place,  it  was  necessary  to  show  that  a  derivative  of 
glutaconic  acid  is  formed  at  all  in  this  condensation,  and  this  was 
done  by  hydrolysing  the  ethyl  salt  to  the  corresponding  acid  and 
proving  it  to  be  identical  with  /3-methylglutaconic  acid  prepared  by 
the  following  method,  described  in  the  paper  by  Darbishire  and  Thorpe 
on  p.  1714. 

Ethyl  a-bromo-y8-methy Iglutarate,  COgEt •  CHBr •  CHMe •  CHg- COoEt, 
was  prepared  by  treating  /8-methylglutaric  anhydride, 

CHMe-CHg-CO 

CHo CO^   ' 
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with  phosj^horus  pentabromide  and  bromine,  and  pouring  the  product 
into  alcohol.  Hydrogen  bromide  was  then  eliminated  from  the  ethyl 
bromo-salt  by  means  of  diethylaniline,  thus  forming  a  mixture  of  ethyl 
salts,  from  the  more  volatile  fraction  of  which  /3-methylglutaconic  acid 
was  isolated  on  hydrolysis.  This  acid  was  found  to  be  identical  with 
that  prepared  by  the  hydrolysis  of  the  above  condensation  product. 

Of  the  two  formulpB  for  this  condensation  product  given  above, 
formula  II  alone  represents  its  reactions,  since  on  the  introduction  of 
two  methyl  groups  it  is  converted  into  a  trimethyl  derivative  which  on 
hydrolysis  yields  a^Sy-trimethylglutaconic  acid, 

CO^H-CHMe-CMelCMe-CO^H, 
and  not    aa/3-trimethyiglutaconic    acid,    CO^H-CHICMe'CMeg-COaH,. 
which  would  have  been  the  case  if    formula    I    had    represented  the 
constitution  of  the  substance. 

The  difference  between  the  melting  points  of  the  two  acids  is  not 
very  great,  since  cis-aa/S-trimethylglutaconic  acid  melts  at  133°  and  the 
acid  prepared  as  above  melts  at  125°;  there  is  a  greater  difference 
between  the  melting  points  of  the  anhydrides,  that  of  the  aa/J-acid 
melting  at  107°  and  that  of  the  a;8y-acid  melting  at  119°.  There  can 
be  no  question,  however,  of  the  two  acids  being  different,  since  the 
ttjSy  acid  readily  yields  3:4:  5-trimethyl-2  :  6-dihydroxypyridine  on  dis- 
tilling its  ammonium  salt,  no  pyridine  derivative  being  formed  from  the 
aa)8-acid. 

The  above  condensation  pi-oduct,  which  is  therefore  evidently  ethyl 
a-cyano-^-methylglutaconate,  dissolves  readily  in  strong  aqueous 
caustic  potash,  almost  instantly  depositing  a  mono-potassium  derivative ; 
a  similar  sodium  compound  is  also  formed  in  the  original  condensa- 
tion, and  it  must  therefore  have  either  the  composition 

CN      Me  ON      Me 

CK — C:CH-CO,,Et  or  OH — CICK-OOaEt , 

C02Et  COsEt 

of  which  the  first  is  the  more  probable. 

When  treated  with  methyl  iodide,  this  potassium  compound  is  con- 
vei'ted  into  a  methyl  derivative. 

Although  it  is  extremely  probable  that  the  potassium  enters  in  the 
position  indicated  in  the  first  formula  above,  it  is  necessaiy  to  prove 
it,  since  the  identity  or  otherwise  of  the  afi-  and  ySy-dialkylglutaconic 
acids  depends  mainly  on  this  point.     The  proof  is  as  follows  : 

When  the  original  condensation  product  (ethyl  a-cyano-/3-methylglut- 
aconate,  C02Et-CH(CN)-0Me:CH-C0oEt)  is  dissolved  in  concentrated 
sulphuric  acid,  it  is  converted  into  ethyl  4-methyl-2  :  6-dihydroxy- 
pyridine-5-carboxylate,  thus  : 
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Me 

I 
C 


Me 

C 

/\ 
CO.^EfC        CH 

HO-C       C-OH 

COoEt-CH*  CH 

CN    COoEt  ~^ 

N 

It  is  evident  from  this  that  the  formation  of  the  pyridine  deriv- 
ative can  only  take  place  as  long  as  the  hydrogen  atom  marked  (*) 
remains  unsubstituted. 

Now,  in  the  methyl  derivative  prepared  from  the  potassium  com- 
pound, the  methyl  group  must  have  entered  in  the  position  represented 
by  one  of  the  following  formulae  : 

CN     Me  CN   Me 

t  CMe— CICH-COoEt  or  CH— CICMe-COgEt, 

CO.Et  C02Et 

depending  on  the  position  of  the  potassium  atom  in  the  potassium 
compound. 

In  the  first  formula,  no  pyridine  derivative  could  be  formed  as  long 
as  the  carbethosy-group  remained  attached  to  the  carbon  atom 
marked  (t),  whereas  a  compound  of  the  second  formula  would  yield 
a  pyridine  derivative  in  the  same  way  as  ethyl  a-cyano-j8-methyl- 
glutaconate. 

Ethyl  a-cyano-a^-dimethj'lglutaconate  does  not  react  with  concen- 
ti-ated  sulphuric  acid  under  the  same  conditions  which  yield  ethyl 
4-methyl-2  : 6-dihydroxypyridine-5-carboxylate  fi'om  ethyl  a-cyano-)8- 
methylglutaconate,  and  even  after  standing  some  days  the  majority 
of  the  ethyl  salt  is  recovered  unchanged  ;  it  is  therefore  practically 
certain  that  the  first  formula  given  above  represents  the  constitution 
of  this  methyl  derivative.  All  doubts  on  this  point  were,  however, 
set  at  rest  by  a  study  of  the  behaviour  of  ethyl  a-cyano-^y-dimethyl- 
glutaconate  under  similar  conditions. 

This  ethyl  salt  is  produced  when  the  sodium  compound  of  ethyl 
cyanoacetate  is  condensed  with  ethyl  methylacetoacetate,  and  from  its 
mode  of  formation  must  have  one  of  the  two  following  formulae ; 

CN      Me  Me  CN     Me  Me 

C=C— CH  CH— C=C 

COgEt       COgEt  CO^Et       CO.Et 

III.  IV. 

Formula  IV  is  alone  in  accordance  with  the  reactions  of  the  sub- 
stance, since  on  further  methylation   it  is  converted  into  a  trimethyl 
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derivative,  which,  on  hydrolysis,  gives  the  same  ajSy-trimethylglutaconic 
acid,  COoH-CMelCMe-CHMe-CO.^H,  as  was  obtained  by  the  hydro- 
lysis of  the  product  formed  by  the  trimethylation  of  ethyl  a-cyano-/3- 
methylglutaconate  (see  p.  1708). 

The  position  of  the  methyl  group  in  the  product  of  the  condensation 
of  ethyl  sodiocyanoacetate  and  ethyl  methylacetoacetate  and  the 
correctness  of  the  view  of  the  constitution  of  the  substances  just 
mentioned  are  clearly  established  by  the  behaviour  of  ethyl  a-cyano- 
/3-y-dimethylglutaconate  with  concentrated  sulphuric  acid,  for  by  this 
reagent  it  is  readily  converted  into  ethyl  3  :  4-dimethyl-2  :  6-dihydr- 
oxypyridine-5-carboxylate,  thus  : 

Me  Me 

6  b 


COoEt-CH    CMe  CO.,EfC       CMe 


CN    COgEt  "^  HO-C        C-OH 


N 

There  have  been  formed,  therefore,  two  cyanodimethyl  derivatives 
of  ethyl  glutaconate,  which  must  have  the  formulae  : 


CN      Me  ON    Me      Me 


(JMe— t;:CH-CO,Et  and  CH— C^i^C-COoEt, 


V.  VI. 

and  should,  unless  molecular  change  takes  place,  give  on  hydrolysis 
aft-  and  ^y-dimethylglutaconic  acids  respectively. 

By  molecular  change  is  meant  the  possible  migration  of  the  double 
bond,  during  the  process  of  hydrolysis,  to  the  position  adjacent  to  the 
group  C(CN)(C02Et).  It  is  unlikely  that  such  a  change  would  take 
place  during  the  hydrolysis  of  a  compound  constituted  as  formula  V, 
since  it  would  have  to  be  accompanied  by  the  migration  of  a  methyl 

group  :  C0.^Et-CMe(CN)-0Me:CMe-C02Et  — > 

c62Et-C{CN):CMe-CHMe-C02Et. 

If,  however,  in  the  case  of  the  ethyl  salt  constituted  as  in  formula  VI 
the  double  bond  migrated  during  hydrolysis  to  the  position  adjacent  to 
the  cyanoacetic  residue,  thus  : 

C02Et-CH(CN)-CMe:CMe-C02Et  — ^ 

C02Et-C(CN):CMe-CHMe-C02Et, 

it  would,  on  complete  hydrolysis,  give  the  same  a/3-dimethylglutaconic 
acid  as  an  ethyl  salt  of  formula  V  : 
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C0oEfCMe(CN)-CMe:CH-C02Et       002Et-C(CN):CMe-CHMe-C02Eb 

COoH-OHMe-CMelCH-CO^H. 

It  is,  of  course,  difficult  to  prove  that  a  molecular  change  of  this 
nature  has  not  taken  place  during  the  hydrolysis  of  the  ethyl  salt  of 
formula  VI,  but  for  the  following  reasons  it  is  improbable. 

(1)  That  the  glutaconic  acids  are  only  produced  from  the  ethyl  salts 
on  hydrolysis  with  acid  hydrolysing  agents,  alkaline  hydrolytic  agents 
always  yielding  the  derivative  of  2  :  6-dihydroxypyridine.  The  con- 
version of  ySy-unsaturated  acids  into  a^-unsaturated  acids  is  brought 
about  by  the  action  of  dilute  alkali. 

(2)  That  the  hydrogen  atoms  remaining  in  formulae  V  and  VI 
are  both  acid  in  character,  and  can  be  replaced  by  sodium.  This  is 
shown  by  the  fact  that  they  both  yield  the  same  trimethyl  derivative 
on  treatment  with  sodium  ethoxide  and  methyl  iodide. 

(3)  That  carbon  dioxide  is  eliminated  at  an  early  stage  in  the 
hydrolysis,  and  that  when  once  eliminated  any  possible  preference  of 
the  double  bond  for  the  position  adjacent  to  the  cyanoacetic  residue 
must  cease. 

(4)  That  if  this  were  so,  then  it  might  reasonably  be  expected  that 
a  mixture  of  a/3-  and  ^y-dimethylglutaconic  acids  would  be  produced, 
whereas  the  acids  obtained  by  the  hydrolysis  of  the  ethyl  salts  of 
formulae  V  and  VI  are  extracted  from  the  product  of  hydrolysis 
almost  pure,  and  need  only  be  recrystallised  once.  An  examination 
of  the  mother  liquors  failed  to  reveal  the  presence  of  any  other  acid. 

a^-Dimethylglutaconic  acid  and  /?y-dimethy]glutaconic  acid,  prepared 
by  the  hydrolysis  of  the  ethyl  salts  of  formulse  V  and  VI  respect- 
ively, are  in  every  way  identical.  Not  only  do  they  crystallise  in  the 
same  characteristic  form  and  melt  at  the  same  temperature,  but 
mixtures  of  equal  parts  of  the  two  also  crystallise  in  the  same  form 
and  melt  at  the  same  temperature  as  either  constituent ;  furthermore, 
the  anhydrides,  which  are  liquids,  boil  at  the  same  temperature  and 
yield  anilic  acids  of  the  same  melting  point  and  crystalline  form. 

They  are,  therefore,  undoubtedly  the  same  compounds,  but  in  order 
to  render  the  identity  of  the  two  positions  still  more  certain,  the 
methylethylglutaconic  acids,  containing  the  methyl  group  in  the 
j8-position  and  the  ethyl  group  in  the  a-  and  y-positions  respectively, 
were  prepared  and  compared. 

)8-Methyl-a-ethylglutaconic  acid,  COoH-CHEt-CMe:CH-CO,,H,  can 
be  readily  prepared  by  the  action  of  ethyl  iodide  on  the  potassium 
compound,  C02Et-CK(CN)-CMe:CH-C02Et,  and  hydrolysing  the  pro- 
duct, whereas  /3-methyl-y-ethylglutaconic  acid, 

COoH-CH./CMe:CEfCO.H, 
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is  formed  on  hydrolysing  the  condensation  product  of  ethyl  sodio- 
cyanoacetate  and  ethyl  ethylacetoacetate, 

COoEt-CH(CN)-CMe:CEfC02Et. 

Here,  again,  no  difference  between  the  two  acids  could  be  detected, 
their  melting  points  and  crystalline  forms,  as  well  as  those  of  their 
anhydrides  and  anilic  acids,  being  the  same. 

The  difference  between  the  two  ethyl  salts 

C02Et-CEt(CN)-CMe:CH-C02Et  and  C02Et-OH(CN)'CMe:CEt-C02Et 

is  just  as  clearly  marked  as  in  the  case  of  the  corresponding  dimethyl 
derivatives.  The  first  does  not  react  with  concentrated  sulphuric  acid, 
whereas  the  second  is  readily  converted  into  ethyl  4-methyl-3-ethyl- 
2  :  6-dihydroxypyridine-5-carboxylate  : 

Me  Me 

b  6 

/%  /\ 

COgEt-CH    CEt  CO^Et-C        CEt 

CN    CO,Et  ~^  HO-C       C-OH- 


If,  then,  the  double  bond  in  glutaconic  acid  and  its  derivatives  is 
not  fixed,  but  can  react  as  if  it  were  between  one  pair  of  carbon  atoms 
or  the  other,  it  is  apparent  that  the  migration  of  the  bond  must  be 
accompanied  by  a  change  in  position  of  a  hydrogen  atom,  and  that 
this  hydrogen  can  only  be  supplied  by  the  methylene  group.  There- 
fore when  these  hydrogen  atoms  are  substituted,  the  bond  must 
necessarily  be  fixed. 

There  are  four  theoretically  possible  acids  which  fulfil  these  con- 
ditions, and  three  of  them  have  been  prepared  and  investigated. 
They  are  : 

aa-Dimethylglutaconic  acid,  C02H-CMe2-CH:CH-COoH. 
aa^-Trimethylglutaconic  acid,  COgH-CMeo-CMelCH-COaH. 
aay-Trimethylglutaconic  acid,  COgH-CMeg-CHICMe-COoH. 

The  fourth, 
aa/3y-Tetramethylglutaconic  acid,  C02H-CMeo-CMe:CMe-C02H, 

has  not  yet  been  prepared. 

All  these  acids  exist  in  well-defined  cis-  and  trans4oTvas,  this  iso- 
merism being  evidently  that  of  maleic  and  fumaric  acids ;  the  trans- 
acids  are  characterised  by  being  much  less  soluble  in  water  than  their 
cis-isotnorides,  whilst  the  cis-modifications  readily  give  anhydrides 
which  dissolve  in  boiling  water  or  dilute  sodium  carbonate  solution, 
regenerating  the  cis-acids. 
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All  the  derivatives  of  glutaconic  acid,  as  well  as  glutaconic  acid 
itself,  in  which  the  double  bond  is  not  fixed,  appear  to  be  incapable  of 
forming  cis-  and  <ra?is-modifications. 

Perkin  and  Tattersall  (this  vol.,  p.  361)  have  recently  attempted 
to  convert  glutaconic  acid  into  cis-  and  ^raws-forms,  but  without 
success,  and  the  acids  described  in  the  ensuing  papers  have  also  been 
subjected  to  the  usual  methods  for  converting  cis-  into  trans-iorms 
without  in  any  way  altering  them. 

The  acids  are  always  obtained  in  a  form  which  readily  gives  an 
anhydride  yielding  the  acid  from  which  it  was  derived  on  boiling 
with  water,  and  in  this  connection  some  experiments  described  in  the 
following  paper  by  Darbishire  and  Thorpe  (p.  1714)  are  of  interest.. 

It  has  frequently  been  noticed  on  eliminating  hydrogen  bromide 
(or  chloride)  from  halogen  derivatives  of  glutaric  acid  or  its 
substitution  products,  that  the  acids  formed  always  consist  of  the  trans- 
modifications  where  such  trans-iorms  are  capable  of  existence.  The 
following  instances  of  this  may  be  cited. 

Perkin  and  Smith  (Trans.,  1903,  83,  771)  found  that  both  the  cis- 
and  ^ra?is-forms  of  /3-hydroxy-aay-trimethylglutaric  acid  gave  the 
fr«?is- modification  of  aay-trimethylglutaconic  acid  when  converted 
into  the  corresponding  chloro-compound  and  deprived  of  hydrogen 
chloride  by  means  of  diethylaniline. 

Perkin  and  Thorpe  (Trans.,  1896,  69,  1182)  obtained  only  the 
frans-modification  of  aa^S-trimethylglutaconic  acid  on  treating  ethyl 
/3-bromo-aa/3-trimethylglutarate  with  diethylaniline  and  hydrolysing 
the  product. 

Perkin  and  Thorpe  (Trans.,  1898,  73,  56),  on  eliminating  hydrogen 
bromide  from  ethyl  a-bromo-/3)8-dimethylglutarate,  obtained  only  trans- 
caronic  acid. 

Perkin  (Trans.,  1902,  81,  249)  isolated  only  ^raws-aa-dimethyl 
glutaconic  acid  on  hydrolysing  the  product  formed  by  the  interaction 
of  ethyl  y-bromo-aa-dimethylglutarate  and  alcoholic  potash. 

Perkin  and  Tattersall  {loc.  cit.)  obtained  only  the  fraws-modification 
of  trimethylene-1  :  2-dicai-boxylicacid  on  eliminating  hydrogen  bromide 
from  ethyl  a-bromoglutarate. 

It  is  reasonable  to  suppose,  therefore,  that  the  acids  formed  by  the 
elimination  of  hydrogen  bromide  from  ethyl  a-bromo-;8-methylglutarate, 
COgEt-CHBr-CHMe-CHg-COaEt,  and  ethyl  a-bromo-y8y-dimethyl 
glutarate,  COgEt-CHBr-OHMe-CHMe-CO.^Et,  whether  belonging  to 
the  glutaconic  or  to  the  trimethylene  series,  would  consist  of  the 
«?•«««- modifications  only. 

The  acids  isolated  from  the  product  of  the  hydrolysis  of  the  above 
ethyl  salts  were,  however,  identical  with  the  acids  prepared  by  the 
hydrolysis  of  ethyl  a-cyano-/3-methylglutaconate  and  ethyl  a-cyano-a/8- 
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dimethylglutaconate  or  ethyl  a-cyano-/3y-dimethylglutaconate  re- 
spectively, and  no  trace  of  any  otlier  acid  has  as  yet  been  detected. 

It  is  true  that  the  quantity  of  /3-methylglutaconic  acid  formed  from 
ethyl  a-bromo-^-methylglutarate  is  very  small,  and  that  the  other 
acids  accompanying  this  svibstance  have  not  yet  been  isolated,  but  a 
considerable  quantity  of  a^S-dimethylglutaconic  acid  is  formed  from 
ethyl  a-bromo-^y-dimethylglutarate  under  similar  conditions,  and  no 
trace  of  a  less  fusible  acid  could  be  detected  accompanying  it. 

Glutaconic  acid  is,  therefore,  a  symmetrical  compound,  which  seems 
to  be  best  represented  by  a  formula  of  the  following  kind  : 

CH 


H 

in  which  the  dotted  lines  represent  a  state  of  equilibrium  between  the 
hydrogen  atom  and  the  two  a-carbon  atoms,  in  that  the  hydrogen  can 
readily  assume  either  of  the  two  following  positions  according  to  the 
nature  of  the  reaction  involved  : 

CH  CH 

/%  ^\ 

COgH-CH   CH-COgH  or  CO^H-CH    CH-COgH. 

H  H 

This  formula  would  account  for  the  non-existence  of  stereoisomerides 
and  for  the  identity  of  the  a(3-  and  /3y-disubstitution  products,  and  hence 
for  the  equality  of  the  a-  and  y-positions  in  the  glutaconic  acid  molecule. 
It  would  also  explain  the  fixing  of  the  double  bond  by  the  entrance  of 
two  substituting  groups  on  the  methylene  carbon  atom,  since  then  the 
necessary  mobile  hydi'Ogen  atom  ceases  to  exist : 

CH 


and  when  this  is  the  case  the  compound  forms  true  cis-  and  trans- 
modifications  analogous  to  fumaric  and  maleic  acids. 

That  there  is  a  considerable  tendency  for  the  molecule  to  assume  a 
symmetrical  state  is  shown  by  the  following  experiment,  described  in 
detail  in  the  next  communication. 

When  ethyl  a-cyano-a/?y-trimethylglutaconate  (VII)  was  treated  with 
a  cold  alcoholic  solution  of  sodium  ethoxide,  a  considerable  amount  of 
heat  was  generated,  and  after  the  solution  had  stood  for  one  hour  at 
the  ordinary  temperature  it  was  found  that  one  of  the  carbethoxyl 
groups  of  the  ethyl  salt  had  been  quantitatively  eliminated  in  the  forni 
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of  ethyl  carbonate,  with  the  production  of  ethyl  y-cyano-a/3y-trimethyl- 
crotonate  (VIII),  the  constitution  of  this  last  substance  being  evident 
from  the  fact  that  it  yielded  a/3y-trimethylglutaconic  acid  (IX),  and 
3:4: 5-trimethyl-2  :  6-dihydroxypyridine  (X)  on  hydrolysis  : 

CMe 


CO.^Et-CM:e  CMe(CN)CO.,b:t  +  EtOil 

VII.  


CMe 

CMe-CN    +    CO(OEt), 

H 

VIII. 

CMe  CMe 

/ 

CMe-CO.,H     and  CMe  CMe 

HO-C        C-OH 
H 


CO,H-CMe 


IX.  X. 

In  formula  VII  the  compound  possesses  an  asymmetrical  structure, 
but  so  great  is  the  tendency  for  it  to  assume  the  symmetrical  con- 
formation that  it  undergoes  this  somewhat  remarkable  reaction  in 
order  to  bring  it  about. 

It  was  not  found  possible  to  introduce  another  methyl  group  into 
the  compounds  of  formulae  VIII  and  IX,  either  by  methylating  the 
nitrile  VIII  or  by  esterifying  the  acid  IX  and  treating  the  ethyl 
a/3y-trimethylglutaconate  thus  formed  with  sodium  ethoxide  and  methyl 
iodide. 

Henrich  [Monatsh.,  1899,  20,  539)  states  that  by  the  complete 
methylation  of  ethyl  glutaconate,  COjEt-CHo'CHICH-COoEt,  he 
obtained  ethyl  aa-dimethylglutaconate,  COoEt-CMe.-CHXH-COoEt, 
and  argues  from  this  that  hydrogen  atoms  attached  to  the  carbon  atom 
marked  (*)  in  the  complex  C**CIC  possess  negative  pi-operties.  As 
already  mentioned,  Henrich' s  acid  melted  indefinitely,  and  the  fact  that 
he  obtained  dimethylmalonic  acid  from  it  on  oxidation  is  hardly  satis- 
factory evidence  of  its  nature,  since  apparently  {ibid.,  p.  560)  he  did  not 
oxidise  the  pure  acid,  but  the  crude  syrup  obtained  by  the  hydrolysis 
of  the  product  formed  by  the  action  of  sodium  ethoxide  and  methyl 
iodide  on  ethyl  glutaconate. 

Since  it  is  shown  in  the  next  communication  that  derivatives  of 
glutaconic  acid  tend  to  split  up  on  treatment   with  alkalis,  yielding 
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dei'ivatives  of  malonic  acid,  and  since  Henrich  appears  to  have  taken  no 
precautions  to  purify  his  ethyl  aa-dimethylglutaconate  before  hydro- 
lysing  it,  it  is  not  unlikely  that  it  contained  some  ethyl  dimethyl- 
malonate,  thus  accounting  for  the  production  of  dimethylmalonic  acid 
on  oxidation. 

As  a  result  of  the  experiments  described  in  the  next  paper,  it  is 
shown  that  in  a  compound  of  formula  XI  the  hydrogen  marked  (*)  is 
replaceable  by  sodium,  and  that  in  a  compound  of  formula  XII  the 
hydrogen  marked  (t)  is  not  replaceable  : 

C0,Et-CMe(CN)-CMe:CH-C02Et         COaEfCHMe-CMelCMe-COaEt. 
XI.  XII. 

Ruhemann  states  (Trans.,  1893,  63,  876)  that  "on  adding  ferric 
chloride  to  solutions  of  the  pyridine  compounds  (dihydroxypyridines)  in 
water  or  in  alcohol,  a  dark  clovxd  is  first  formed,  which  immediately 
disappears,  and  yellow  substances  free  from  iron  are  thrown  down." 
These  remarks  of  course  apply  only  to  the  derivatives  of  2  :  6-dihydroxy- 
pyridine  substituted  in  the  ^S-position  prepared  by  him.  In  the  case  of 
those  derivatives  substituted  in  the  y-position,  the  following  behaviour 
towards  ferric  chloride  was  noticed. 

When  the  reagent  is  added  to  an  alcoholic  solution  of  a  derivative  of 
2  :  6-dihydroxypyridine  substituted  in  the  y-position  or  in  the  y-  and  in 
one  of  the  /^-positions,  an  intense  violet  coloration  is  produced  which  is 
permanent  in  the  cold  but  disappears  on  wai'ming.  Those  derivatives, 
however,  which  contain  both  yS-positions  as  well  as  the  y-position  sub- 
stituted, give  on  the  addition  of  a  drop  of  the  reagent  an  intense 
coloration  which  almost  immediately  disappears. 

The  derivatives  of  2  :  6-dihydroxypyridine  exhibit  both  acid  and  basic 
properties  ;  the  salts  formed  in  the  latter  case  are,  however,  unstable  in 
aqueous  solution.  They  titrate  as  monobasic  acids,  and  form  salts  with 
alkaline  carbonates  containing  one  equivalent  of  the  metal. 

That  they  are  true  dihydric  phenols  is  shown  by  the  fact  that  they 
yield  well-defined  dibenzoyl  derivatives,  react  with  phthalic  anhydride 
forming  fluorescent  phthaleins,  and  yield  azo-dyestuff s  with  diazo-salts. 
The  latter  properties  are,  however,  lost  in  the  case  of  the  trisubstitu- 
tion  derivatives,  in  which  the  para-positions  to  the  two  hydroxyl 
groups  are  both  occupied. 

Without  exception,  the  hydrolysis  of  ethyl  a-cyano-j8-methylglutacon- 
ateandof  its  alkyl  derivatives  with  methyl-alcoholic  potash  yields  only 
the  corresponding  derivative  of  2  :  6-dihydroxypyi'idine,  and  no  trace  of 
the  glutaconic  acid  is  formed  by  this  means.  With  concentrated  hydro- 
chloric acid,  however,  the  product  of  hydrolysis  depends  on  the 
nature  of  the  ethyl  salt  hydrolysed  ;  thus,  ethyl  a-cyano-yS-methyl- 
glutaconate,  CO>,EfCH(CN)-CMe:GH-COoEt,  in  which  the  two  hydro- 
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gen  atoms  remain  unsubsUtuted,  is  almost  entirely  converted  into 
4-methyl-2 :  6-dihydroxypyridine,  and  only  a  small  quantity,  about 
5  per  cent.,  of  yS-methylglutaconic  acid  is  produced. 

With  those  derivatives  of  ethyl  a-cyano-/3-methylglutaconate  which 
contain  alkyl  groups  in  the  y-position  the  reverse  is  the  case,  and  the 
corresponding  glutaconic  acid  alone  is  formed,  thus  ethyl  a-cyano-/3y- 
dimethylglutaconate,  C02Et-CH(CN)-CMe:CMe-C02Et,  and  ethyl  a- 
cyano-^-methyl-y-ethylglutaconate,  COoEt-CH(CN)-CMe:CEt-CO^Et, 
give  with  hydrochloric  acid  a/3-dimethylglutaconic  acid  and  /3-methyl- 
a-ethylglutaconic  acid  respectively,  and  no  trace  of  the  corresponding 
pyridine  derivative. 

When  the  a-hydrogen  atom  of  ethyl  a-cyano-;8-methylglutaconate  is 
substituted,  the  product  of  hydrolysis  with  hydrochloric  acid  consists  of 
about  equal  proportions  of  the  acid  and  of  the  pyridine  dei^ivative,  and 
this  is  also  the  case  with  those  derivatives  which  are  substituted  in  both 
the  a-  and  y-positions  ;  thus,  ethyl  a-cyano-a/3-dimethylglutaconate, 

COgEt  •  CMe(CN)  •  CMe:  CH  •  COaEt, 
ethyl  a-cyano-/3-methyl-a-ethylglutaconate, 

C02EfCEt(CN)-CMe:CH-C02Et, 
and  ethyl  a-cyano-a^y-trimethylglutaconate, 

C02Et-CMe(CN)-CMe:CMe-C02Et, 
give  about  equal  quantities  of  the  glutaconic  acid  and  of  the  derivative 
of  2  :  6-dihydroxypyridine  on  hydrolysis  with  hydrochloric  acid. 

The  behaviour  of  the  various  derivatives  of  2  :  6-dihydroxypyridine 
towards  nitrous  acid  strongly  suppor-ts  the  view  of  the  constitution  of 
glutaconic  acid  and  its  derivatives  suggested  above. 

In  a  former  communication  (Trans.,  1904,  85,  1733),  it  was  pointed 
out  that  only  those  derivatives  of  glutazine  and  of  2  :  4  :  6-trihydroxy- 
pyridine  which,  in  their  ketonic  form,  have  the  hydrogen  atoms  of  the 
methylene  group  unsubstituted  react  with  nitrous  acid,  and  that  the 
compounds  formed  were  isonitroso-derivatives  or  oximes,  characterised 
by  giving  intense  colorations  (lakes)  with  ferrous  salts. 

The  ketonic  form  of  2  :  6-dihydroxypyridine  may  be  represented  by 
the  following  formulte  : 

CH  CH  CH 

CH2/|\CH.  e<5^^cH  ^^|\|>|^^ 

col  I  jco  CO   CO  co'  ^  Jco 

XIII.  xn^  XV. 

A  compound  constituted  as  in  formula  XIII  might  be  expected  to  react 
with  nitrous  acid  forming  a  dioxime,  CH^-ij^Qw—pQ^N. 
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/CHo-CO\ 
4-Methyl-2  :  6-dihydroxypyridine,  CMe^p._.''    .,^^y,  is  a  compound 

of  this   type,  but  it  reacts  with  nitrous  acid  forming  only  a  mono- 
oxime. 

Formula  XIV  represents  the  compound  as  the  imide  of  glutaconic 
acid,  written  in  the  usual  way.  It  is  disproved  by  the  fact  that  ethyl 
4-methyl-2  :  6-dihydroxypyridine-5-carboxylate, 

^CH C0\ 

^'^^^\CH(002Et)-CU/  ^^' 
which  from  its  mode  of  formation  must  contain  the  carbethoxy-group  on 
the  methylene  carbon  atom,  also  reacts  with  nitrous  acid  forming  a  mono- 
oxime.  All  the  other  disubstitution  products  of  2  :  6-dihydroxypyridine 
react  in  the  same  way,  and  the  power  of  forming  the  oxime  is  only  lost 
by  the  trisubstitution  products,  on  which  nitrous  acid  has  no  action. 

These  facts  are  in  accordance  with  the  view  that  formula  XV  repre- 
sents the  constitution  of  these  compounds. 

Thus,  for  example,  4-methyl-2 : 6-dihydroxypyridine  (XVI)  can  react 
in  either  of  the  tautomeric  foi-ms  XVII  and  XVIII,  which  are  in  this 
case  identical. 

Me  Me  Me 

cue 

/\  ^\  /% 

CH     CH  CH    CHg  CH2  CH 

i    H    I  II  II 

CO      CO  CO     CO  CO     CO 


NH  NH  NH 

XVI.  XVII.  XVIII. 

It  can  therefore  form  only  a  mono-oxime  with  nitrous  acid. 

Ethyl  4-methyl-2  :  6-dihydroxypyridine-5-carboxylate  (XIX)  can 
react  in  either  of  the  forms  XX  and  XXI,  and  it  is  in  the  form  XXI 
that  it  reacts  to  form  the  oxime  : 

Me  Me  Me 

c  c  c 


CO^Et-C        CH  CO^EfCH    CH  COaEt-C       CH, 

i    H   I  II  II 

CO     CO  CO     CO  CO    CO 


NH  NH  NH 

XIX.  XX.  XXI. 

The  other  disubstitution  products  react  in  the  same  way,  it  being  im- 
material which  hydrogen  atom  in  the  /3-position  is  replaced. 
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The  trisubstitution  derivatives  cannot  in  any  circumstances  con- 
tain a  methylene  group,  and  these  compounds  are  therefore  unacted 
on  by  nitrous  acid. 

Other  experiments  are  in  progress  which,  it  is  hoped,  will  throw 
further  light  on  this  question. 

The  A'icToiiiA  University  of  Manchestek. 


CLXIV. — Some   Alkyl   Derivatives   of  Glutaconic  Acid 
and  of  2  :  Q-Dihydroxypyridine. 

By  Harold  Rogerson  and  Jocelyn  Field  Thorpe. 

The  reactive  nature  of  the  remaining  hydrogen  atom  in  the  sodium 
compound  of  ethyl  cyanoacetate  has  formed  the  subject  of  a  number  of 
previous  communications,  and  in  one  of  them  (Trans.,  1900,  77,  923)  it 
was  suggested  that  this  activity  could  be  explained  on  the  assumption 
that  the  sodium  compound  reacts  in  its  enolic  form,  whereas  the 
corresponding  sodium  derivative  of  ethyl  malonate,  which  does  not 
appear  to  be  nearly  so  reactive,  reacts  in  the  ketonic  form. 

In  the  present  communication,  further  experimental  evidence  is 
adduced  which  again  illustrates  the  remarkable  difference  between  the 
two  sodium  compounds.  If  the  sodium  derivative  of  ethyl  malonate 
is  boiled  in  alcoholic  solution  with  ethyl  acetoacetate  for  several  hours, 
no  condensation  takes  place,  but  if  the  ethyl  sodiomalonate  is  replaced 
by  the  sodium  compound  of  ethyl  cyanoacetate,  a  60  per  cent,  yield  of 
a  condensation  product  is  obtained  after  heating  for  only  twenty 
minutes. 

On  investigation,  this  condensation  product  proved  to  be  ethyl 
a-cyano-^-methylglutaconate,  CO.^Et'CHo'CMelCH'CO^Et,  and  its  mode 
of  formation  can  be  represented  by  either  equation  I,  II,  or  III  : 

Me 

I.     C02Et-C(CN)NaH  +  CO-CH^'CO.Et  — > 
Me 

C0.,EfC(CN)Na-C(0H)-CH2-C0.,Et-> 

Me 

CO,Et-C(CN)Na'C:CH-CO,Et  +  H.p. 
VOL.    LXXXVII.  5    T 
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Me 

11.     CO.Et-C(CN)NaH  +  C(0H):CH-C02Et -> 

Me 

COoEt-C(CN)Na-C:CH-COoEt  +  H2O. 

Me 

III.     CO.,Eb-C(CN)HNa  +  C(OH):CH-COoEt  -^ 

Me 

C02Et-C(CN)H-C:CH-C02Et  +  NaOH. 

In  equation  I,  the  mobile  hydrogen  atom  of  ethyl  sodiocyanoacetate 
forms  an  additive  product  with  ethyl  acetoacetate,  water  being  sub- 
sequently eliminated  to  form  the  derivative  of  glutaconic  acid ;  in 
equation  II,  the  sodium  derivative  reacts  directly  with  ethyl  aceto- 
acetate in  its  enolic  form ;  and  in  equation  III  sodium  hydroxide  is 
eliminated. 

It  is  diificult  to  decide  between  the  first  two  equations,  but  for 
certain  reasons  we  are  inclined  to  think  that  equation  II  is  the  true 
representation  of  the  course  of  this  reaction. 

If  equation  I  were  correct,  it  would  be  expected  that  ethyl  di- 
methylacetoacetate  would  form  a  condensation  product  with  ethyl 
sodiocyanoacetate  in  accordance  with  the  equation, 

Me 

C02Et-C(CN)NaH  +  C0-CMe2-C0.,Et  — > 

Me 

CO,Et-C(CN)Na-C(OH)-CMeo-COoEt ; 

it  was,  however,  found  that  on  condensing  these  two  substances 
together  only  a  small  quantity  of  an  oil  with  a  high  boiling  point  was 
obtained  which  was  too  small  for  further  investigation. 

That  equation  III  does  not  represent  the  course  of  the  reaction  is 
shown  by  the  fact  that  the  sodium  compound  of  ethyl  acetoacetate, 
although  reacting  to  a  certain  extent  with  ethyl  cyanoacetate  to  form 
the  above  condensation  product,  gives  only  a  small  yield,  and  at  the 
same  time  other  products  are  formed,  from  which  it  is  difficult  to 
separate  pure  ethyl  a-cyano-/3-methylglutaconate. 

So  long  as  one  of  the  methylene  hydrogen  atoms  in  ethyl  aceto- 
cicetate  remains  unsubstituted,  that  is,  so  long  as  it  is  capable  of  react- 
ing in  an  enolic  form,  it  possesses  the  power  of  combining  with  ethyl 
sodiocyanoacetate  in  the  foregoing  manner. 

The  glutaconic  acid  derivative  is  produced  in  the  fii"st  stage  of  the 
condensation,  and  its  formation  is  usually  complete  after  heating  the 
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condensation  mixture  for  twenty  to  thirty  minutes  on  the  water-bath, 
after  this  time  it  slowly  disappears  and  is  replaced  by  products  of 
higher  boiling  point,  which  are  under  investigation. 

Alkyl  derivatives  of  ethyl  sodiocyanoacetate,  for  example,  ethyl 
sodiomethylcyanoacetate,  do  not  react  with  ethyl  acetoacetate  or  its 
monoalkyl  derivatives  to  form  condensation  products. 


Condensation   of  Ethyl   Sodiocyanoacetate   with   Ethyl    Acetoacetate. 
Formation  of  Ethyl  a-cyano-^-methylgtutuconate, 
C03fCH(CN)'CMe:CH'C02Et. 

This  substance  is  most  conveniently  prepared  in  the  following 
manner :  23  grams  of  sodium  are  dissolved  in  70  grams  of  alcohol 
and  mixed  with  113  grams  of  ethyl  cyanoacetate,  130  grams  of  ethyl 
acetoacetate  being  subsequently  added.  The  white  sodium  compound 
of  ethyl  cyanoacetate,  which  is  in  the  first  instance  precipitated, 
immediately  dissolves  on  the  addition  of  the  ethyl  acetoacetate,  and 
the  solution  becomes  deep  yellow.  The  mixture  is  then  heated  on  the 
water-bath  for  half  an  hour,  after  which  time  the  contents  of  the  flask 
will  have  become  almost  solid  owing  to  the  separation  of  the  sodium 
compound  of  the  above  ethyl  salt.  Care  must  be  taken  that  the 
length  of  time  during  which  the  mixture  is  heated  does  not  exceed  a 
half,  or  at  most  three-quarters  of  an  hour,  since  the  above  sodium 
salt  re-dissolves  on  further  heating,  being  transformed  into  products 
of  higher  molecular  weight. 

The  partially  solid  contents  of  the  flask  are  now  mixed  with  water, 
when  a  clear  solution  is  obtained  which,  on  acidifying  with  dilute 
hydrochloric  acid,  deposits  an  oil ;  this  is  extracted  by  means  of  ether, 
the  ethereal  solution  being  washed  with  water  and  with  sodium 
carbonate  solution,  dried,  and  the  ether  evaporated.  The  oil  which 
then  remains  is  fractionated  under  diminished  pressure  and  the 
fraction  passing  over  at  170 — 172°/25  mm.  is  collected. 

0-2044  gave  0-4390  CO,  and  0-1301  HgO.     C  =  58-57  ;  H  =  7-07. 
C^^HigO^N  requires  C  =  58-6;  H  =  6-7  per  cent. 

Ethyl  a-cyano-/3-methylglutaconate,  prepared  in  this  way,  is  a  colour- 
less oil,  and  is  obtained  in  quantities  representing  60  per  cent,  of  the 
theoretical.  The  more  volatile  fraction  consists  of  almost  pure  ethyl 
acetoacetate  and  can  be  used  again  for  another  condensation. 

The  sodium  carbonate  extract  from  the  ethereal  solution  gave  a 
small  quantity  of  oil  on  acidifying.  This,  which  evidently  consists  of 
the  hydrogen  ethyl  salt,  CO^H-CH(CN)-CMe:CH-CO,Et,  was  extracted, 
and  without  being  further  purified,  distilled  under  the  ordinary  pressure, 
when  carbon  dioxide  was  eliminated  and  ethyl  y-cyano-^-methylcroionate, 

5  T  2 
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CHo(CN)-CMe:CH-C02Et,  passed  over  at  250°  as  a  colourless,  mobile 
oil. " 

0-2113  gave  0-4836  COo  and  0-1337  H,0.     C-62-42;  H  =  7-03. 
CgHijO.,N  requires  C  =  62-7;  H  =  7-2  per  cent. 

Hydrolysis  of  Ethyl  a-C yano-(i-methylglutaconate. 
(1)  With  Hydrochloric  Acid.     Formation  of  Ethyl  4:-Meth7jl-2  :  %-dihydr- 
oxy pyridine  -  5-carboxylate,   N<Cn/  q  jj  \ ^ -^CH-^^  ^^'   ^'^^^^^^'■V^' 

2  :  ^-dihydroxypyridine,  ^<^^\?(^>^^'^^^  ««^  ^f  ^-Methyl- 

glutaconic  Acid,  CO.^H-CH^-CMelCH-COoH. 

Etlnjl  4:-]\Iethyl-2:Q-dihydroxypyridine-5-carboxylate. — Ethyl  a-cyano- 
/3-methylglutaconate  slowly  dissolves  on  boiling  in  a  Geissler  flask 
with  concentrated  hydrochloric  acid,  and  if  when  all  has  passed  into 
solution  the  liquid  is  cooled,  a  crystalline  substance  separates. 
This,  when  collected,  dried  on  a  porous  plate,  and  recrystallised  from 
glacial  acetic  acid,  is  obtained  in  the  form  of  large,  colourless  prisms 
which  melt  at  218°. 

0-2135  gave  0-4300  COo  and  0-1123  HoO.     C  =  54-91  ;  H  =  5-80. 
C,,HiiO^N  requires  C  =  54*8  ;  H  =  5-6  per  cent. 

Ethyl  4-methyl-2  :  6-dihydroxypyridine-5-carboxylate  gives  in  alco- 
holic solution  a  deep  purple  colour  with  ferric  chloride.  It  is  readily 
soluble  in  concentrated  hydrochloric  acid,  and  on  standing  the  solution 
deposits  the  hydrochloride  in  the  form  of  long,  feathery  needles,  which 
on  warming  give  off  hydrogen  chloride,  regenerating  the  ethyl  salt. 
It  is  instantly  dissociated  by  cold  water. 

The  ethyl  salt  is  insoluble  in  aqueous  sodium  carbonate,  but  dis- 
solves slowly  in  caustic  alkalis,  the  solution  depositing  a  sparingly 
soluble  alkali  salt  on  standing.  It  is  insoluble  in  water,  but  appre- 
ciably soluble  in  hot  alcohol. 

The    isom7roso-derivative     (oxime),    CMe>^^\-j^^^{_QQ]>NH,    is 

formed  by  dissolving  the  pyridine  derivative  in  glacial  acetic  acid  and 
pouring  the  solution  into  water  containing  a  slight  excess  of  sodium 
nitrite.  Yellow  needles  separate  which  can  be  freed  from  unchanged 
ethyl  salt  by  washing  with  concentrated  hydrochloric  acid,  in  which 
they. are  insoluble.  Recrystallised  from  absolute  alcohol,  they  melt 
and  blacken  at  160°. 

0-2165  gave  0-3769  CO^  and  0-0895  HgO.     C  =  47-52  ;  H  =  4-59. 
Cgllj^OrNo  requires  C  =  47-8  ;  H  -  4-4  per  cent. 
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The  oxime  dissolves  in  a  solution  of  sodium  carbonate,  forming  a 
violet-red  solution,  from  which  a  sodium  salt  is  slowly  deposited  in  the 
form  of  green  plates.  It  gives  in  neutral  solution  a  deep  greenish- 
blue  coloration  with  ferrous  sulphate. 

4:-Methyl'2 :  ^-dihydroxyjiyridine. — When  ethyl  4-methyl-2  : 6-dihydr- 
oxypyridine-5-carboxylate  is  boiled  in  a  flask  fitted  with  a  reflux  con- 
denser with  concentrated  hydrochloric  acid  until  a  tfst  portion  on 
dilution  with  water  no  longer  immediately  deposits  any  crystalline 
precipitate  of  unchanged  ethyl  ester,  it  is  completely  hydrolysed  to 
4-methyl-2  :  6-dihydroxypyridiue,  the  same  compound  being  also  formed 
on  boiling  ethyl  a-cyano-/3-methylglutaconate  for  twelve  hours  with  the 
concentrated  acid.  Although  the  hydrochloride  of  this  compound 
slowly  separates  from  the  cooled  product  of  hydrolysis  on  standing, 
yet  it  was  found  more  convenient  to  isolate  the  free  pyridine  derivative 
in  the  following  way.  The  strongly  acid  product  was  first  made 
alkaline  with  ammonia  and  then  acidified  with  acetic  acid,  when  the  deep 
blue  solution  thus  obtained  almost  instantly  deposited  a  crystalline 
precipitate  which  was  found  to  be  complete  after  standing  half  an  hour. 
On  investigation,  this  proved  to  be  the  pyridine  derivative,  which, 
when  recrystallised  from  water,  in  which  it  is  fairly  soluble,  is  ob- 
tained in  the  form  of  needles  containing  one  molecule  of  water  of 
crystallisation  which  melt  at  194°. 

0-2116  gave  0-3927  CO^  and  0-1247  H.O.     C  =  50-62  ;  H  =  6-55. 
C6H702N,H20  requires  C  =  50-3  ;  H  =  6-2  per  cent. 

A  specimen  dried  in  an  air-bath  at  110°  gave  the  following  result  on 
analysis  : 

0-1163  lost  0-0145  on  heating  to  constant  weight.    H20  =  12-46. 
CgH-OoN.HoO  requires  HgO^  1.2-58  per  cent. 

The  anhydrous  pyridine  derivative  is  best  prepared  by  crystallising 
this  hydrate  from  absolute  alcohol,  from  which  solvent  it  separates 
in  the  form  of  small,  glistening  plates. 

0-2224  gave  0-4680  CO,  and  0-1144  HgO.     0  =  5738;  H  =  5-71. 
C.jH-OoN'  requires  0  =  576  ;  H  =  5-6  per  cent. 

The  water  of  crystallisation  does  not,  however,  affect  the  melting 
point,  and  both  the  hydrated  and  anhydrous  compounds  melt  at  194°  ; 
the  water  is  therefore  evidently  eliminated  from  the  former  without 
causing  it  to  become  liquid. 

4-Methyl-2  :  6-dihydroxypyridine  boils  at  305°  (765  mm.)  witliout 
undergoing  appreciable  decomposition,  and  possesses  both  acid  and  basic 
properties.  It  dissolves  in  alkaline  carbonates  and  in  caustic  alkali?, 
forming  salts  which  contain  one  equivalent  of  the  metal. 
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0'2310  requires  18-4  c.c.  of  normal  NaOH  solution. 
CgH702N  (monobasic)  requires  18 "5  c.c. 

There  are  indications  that  a  disodium  salt  is  formed  on  dissolving 
the  pyridine  derivative  in  excess  of  caustic  soda,  but  we  were  unable 
to  prepare  it  sufficiently  pure  for  analysis  ;  from  the  foregoing  analysis, 
it  is  evident  that  it  must  possess  an  alkaline  reaction. 

The  pyridine  derivative  slowly  reduces  an  ammoniacal  solution  of 
silver  nitrate  in  the  cold,  and  on  warming  a  mirror  of  metallic  silver 
is  immediately  produced.  In  alcoholic  solution,  it  gives  a  deep  reddish- 
violet  colour  with  ferric  chloride,  which  disappears  on  boiling.  When  ex- 
posed to  the  air,  the  dihydroxypyridine  slowly  oxidises,  formiog  a  soluble 
blue  compound  ;  this  change  is  more  rapid  when  the  ammonium  salt  is 
exposed  to  the  action  of  air  at  100°.  It  behaves  as  a  meta-dihydric  phenol, 
and  gives  a  blue  fluorescent  phthalein  when  fused  with  phthalic  anhy- 
dride ;  it,  moreover,  combines  with  diazo- salts,  forming  yellow  colour- 
ing matters.    These  products  are  still  under  investigation. 

4-Methyl-2  :  G-dihydroxypyi-idine  withstands  prolonged  boiling  with 
concentrated  hydrochloric  acid,  and  can  be  fused  with  caustic  potash 
without  undergoing  change  ;  it  is  formed  in  the  complete  hydrolysis  of 
ethyl  a-cyano-/?-methylglutaconate  to  the  extent  of  about  80  per  cent, 
cf  the  theoretical  quantity. 

Towards  concentrated  mineral  acids,  it  behaves  as  a  mono-acid  base ; 
the  salts  formed  are,  however,  unstable  in  aqueous  solution. 

The  hydrochloride,  OgH-OgNjHCl,  separates  from  a  solution  of  the 
dihydroxypyridine  in  concentrated  hydrochloric  acid  in  the  form  of 
long,  colourless  needles. 

0-2101  gave  0-1837  AgCl.     CI  =  21-69. 

CgH-OaNjHCl  requires  CI  =  21-9  per  cent. 

It  is  soluble  in  cold  water,  but  is  almost  immediately  dissociated,  the 
free  dihydr-oxypyridine  separating  from  the  solution. 

The  sulphate,  separates  from  a  solution  of  the  base  in  50  per  cent, 
sulphuric  acid  in  the  form  of  long,  silky  needles.  Like  the  hydro- 
chloride, it  is  dissociated  by  cold  water. 

The  dibenzoyl  derivative,  OQH,^02N(COPh)2,  is  best  prepared  by  the 
Schotten-Baumann  method,  which  consists  in  dissolving  the  dihydroxy- 
pyridine in  dilute  (10  per  cent.)  sodium  hydroxide  solution,  adding 
excess  of  benzoyl  chloride,  and  stirring  until  the  odour  of  benzoyl 
chloride  ceases  to  be  apparent.  The  solid  residue  is  then  filtered  and 
recrystallised  from  absolute  alcohol,  from  which  solvent  it  separates  in 
the  form  of  microscopic  needles  melting  at  94°. 

p-2053  gave  0-5436  CO.  and  0  0860  H2O.     C  =  72-21  ;  H  =  4-65. 
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The  isomfro.so-derivative  (oxime),  ^-^^^  \Qr]S[OHVCO^'^^'  ^^ 
formed  as  a  yellow,  crystalline  precipitate  on  pouring  a  solution  of  the 
pyridine  derivative  in  aqueous  caustic  soda  containing  excess  of  sodium 
nitrite  into  dilute  acetic  acid.  Recrystallised  from  water,  it  forms 
small,  yellow  prisms  which  melt  and  blacken  at  178°. 

0-1583  gave  0-2721  COo  and  0-0587  HoO.     C  =  46-88;  H  =  4-]2. 
CgH^OglSTo  requires  C  =  46-7  ;  H^  3-9  per  cent. 

The  oxime  dissolves  in  aqueous  sodium  carbonate,  forming  a 
magenta-red  solution  from  which  the  sodium  salt  is  slowly  deposited 
in  the  form  of  red  needles.  With  ferrous  svxlphate,  in  neutral  solu- 
tion, it  gives  an  intense  green  coloration,  the  liquid,  on  standing, 
yielding  a  green  precipitate. 

(S-Methylglutaconic  Acid. 

This  acid,  which  is  only  formed  to  the  extent  of  about  5  per  cent, 
of  that  theoretically  possible  from  the  amount  of  ethyl  a-cyano-^- 
methylglutaconate  hydrolysed,  can  be  obtained  from  the  mother  liquors 
on  evaporating  them  to  dryness  and  extracting  the  residue  with  ether. 
Since,  however,  the  liquor  contained  free  acetic  acid,  the  residue  was 
heated  on  the  water-bath  until  the  odour  of  the  acid  was  no  longer 
apparent,  when  hydrochloric  acid  was  added  and  the  product  again 
evaporated  to  dryness  ;  this  was  found  to  be  necessary,  since  acetic 
acid  does  not  completely  decompose  the  alkali  salt  of  the  glutaconic 
acid. 

On  extraction  with  ether,  a  solid  acid  was  obtained  which,  after 
recrystallising  from  concentrated  hydrochloric  acid,  melted  sharply 
at  149°,  giving  ofE  water  at  180°  with  formation  of  the  anhydride;  the 
acid  crystallises  in  the  form  of  small,  lustrous  plates. 

0-2216  gave  0-4086  CO2  and  0-1196  H.O.     C  =  50-3  ;  H  =  5-9. 
C^HgO^  requires  C  =  50-0;  H  =  5  6  per  cent. 

yS-Methylglutaconic  acid  instantly  decolorises  a  solution  of  per- 
manganate in  sodium  hydrogen  carbonate  solution. 

The  silver  salt,  CgHgO^Agg,  is  formed  as  a  white,  insoluble  precipitate 
when  the  calculated  quantity  of  a  solution  of  silver  nitrate  is  added 
to  a  neutral  solution  of  the  ammonium  salt  of  the  acid. 

0-3121  gave  0-1876  Ag  on  ignition.     Ag  =  60-11. 

C^H^O^Ago  requires  Ag  =  60-2  per  cent. 

(>TX fO 

The   anhydride,   A^/.^tt  nn^^'  ^^    '^^^^  prepared  by  boiling  the 
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acid  with  excess  of  acetyl  chloride  until  hydrogen  chloride  ceases  to  be 
evolved.  On  evaporating  the  acetyl  chloride,  the  anhydride  remains  as 
an  oil  which  quickly  solidifies.  Recrystallised  from  light  petroleum  (b,  p. 
40 — 60°)  it  is  obtained  in  the  form  of  fine,  colourless  needles  which 
melt  at  86°. 

0-2118  gave  0-4426  CO.^  and  0-0876  HoO.     C  =  57-00;  H  =  4-59. 
CgHgOg  requires  C  =  57-l  ;  H  =  4-8  per  cent. 

The  conversion  of  the  acid  into  the  anhydride  by  this  means  is 
complete  and  no  trace  of  unchanged  acid  is  mixed  with  the  anhydride. 
On  boiling  the  anhydride  with  sodium  carbonate  solution  for  a  short 
time  it  passes  into  solution,  and,  on  acidifying  and  extracting,  the 
original  acid  melting  at  149°  is  obtained. 

The  anilic  acid,  CONHPh-CHa'CMelCH-CO^H,  is  prepared  by 
adding  a  solution  of  the  anhydride  in  benzene  to  a  benzene  solution  of 
aniline  ;  no  precipitate  is  formed  on  standing,  and  the  product  must 
be  isolated  by  evaporating  off  the  benzene  and  rubbing  the  residue 
with  dilute  hydrochloric  acid.  The  solid  produced  in  this  way 
crystallises  from  benzene  in  the  form  of  glistening  plates  which 
melt  at  143°. 

0-2132  gave  0-5150  COo  and  0-1093  Hp.     0  =  65-88;  H  =  5-69. 
CjgHjgOglSr  requires  0  =  657;  H  =  5-9  per  cent. 

The  anilic  acid  dissolves  in  a  solution  of  sodium  carbonate. 

Transformation  of  ^-Methylglutaconic  Acid  into  ^-Methyl-2  :  6-I)ihydr- 
oxypyridine. 

In  order  to  bring  about  this  change,  y8-methylglutaconic  acid  was  con- 
verted into  its  ammonium  salt  by  adding  ammonia  to  a  solution  of  the 
acid  in  water  and  evaporating  to  dryness.  The  dried  ammonium  salt 
was  then  distilled  under  500  mrn,  pressure,  when  an  oil  passed  over 
at  270—275°  which  rapidly  solidified.  Recrystallised  from  absolute 
alcohol,  it  was  obtained  in  the  form  of  small  plates  melting  at  194°, 
and  was  in  every  way  identical  with  4-methyl-2  :  6-dihydroxypyridine 
already  described. 

(2)  With  Sulphuric  Acid.  Formation  of  Ethyl  a-Carhethoxy-ji-metliyl- 
glutaconamide,  OONH2-OH(002Et)-OMe:OH-C02Et,  and  of  Ethyl 
A:-Met]iyl-2  :  Q-dihydroxypyridine-5-carboxylate.  » 

When  ethyl  a-cyano-/?-methylglutaconato  is  treated  with  an  equal 
volume  of  concentrated  svilphuric  acid  and  the  solution  allowed  to  become 
as  hot  as  it  will,  it  is  rapidly  transformed  into  ethyl  4-methyl-2  :  6-di- 
hydroxypyridine-5-carboxylate,  already  described.    This  transformation 
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is  complete  after  one  hour,  and  the  pyridine  deiivative  can  be  isolated  by- 
adding  water  and  filtering.  If,  however,  the  ethyl  ester  is  mixed  with 
twice  its  volume  of  concentrated  acid  and  the  mixture  allowed  to 
stand  (without  cooling)  for  fifteen  minutes,  the  above  amide  is  obtained 
as  a  white  precipitate  on  pouring  the  product  into  water.  The 
substance  prepared  in  this  way  always,  however,  contains  traces  of  the 
pyridine  derivative,  but  it  can  be  freed  from  this  by  washing  with 
concentrated  hydrochloric  acid,  in  which  the  amide  is  insoluble.  The 
product  purified  in  this  way  crystallises  from  glacial  acetic  acid  in  the 
form  of  small,  transparent  prisms,  which  melt  at  181°  with  evolution 
of  gas,  resolidify  a  few  degrees  higher,  and  then  melt  again  at  218°  : 

01492  gave  0-2978  CO2  and  0-0909  H,0.     C  =  54-43;  H  =  6-77. 
Cj^IIj-O-N  requires  0  =  54-3;  H  =  7-0  per  cent. 

The  amide  gives  no  colour  with  ferric  chloride,  and  is  insoluble  in 
strong  mineral  acids.  It  is  insoluble  in  cold  alkalis,  but  dissolves  on 
warming,  undergoing  at  the  same  time  partial  hydrolysis. 

Conversion    of   -Ethyl    a-Carbethoxij-(i-methylghitaconamide   into   Ethyl 
i-Metliyl-'l  :  ^-dihydroxypyridineb-carboxylate. 

Ten  grams  of  the  amide  were  heated  in  a  flask  fitted  with  a 
condenser  in  an  oil-bath  at  190°  until  the  evolution  of  gas  had  ceased, 
the  gas  formed  being  removed  from  the  flask  by  means  of  a  current  of 
air.  When  the  contents  of  the  flask  had  completely  solidified,  the 
distillate  was  tested  and  found  to  consist  of  nearly  pure  alcohol.  The 
solid  residue  was  recrystallised  from  glacial  acetic  acid  and  found  to  be 
ethyl  4-methyl-2  :  6-dihydroxypyridine-5-carboxylate,  melting  at  218°. 

(3)   With    Alcoholic    Potash.     Formation   of  4:-Methyl-2  :  Q-di/iydroxy- 
j)yridine  and  of  Malonic  Acid. 

Ethyl  a-cyano-/3-methylglutaconate  is  quickly  hydrolysed  by  alcoholic 
potash,  being  almost  entirely  converted  into  4-methyl-2:6-dihydroxy- 
pyridine;  at  the  same  time,  however,  there  is  formed  a  small  quantity 
of  malonic  acid,  but  no  trace  of  yS-methylglutaconic  acid.  Ethyl  a-carb- 
ethoxy-/3-methylglutaconamide  behaves  in  the  same  way,  and  the  method 
adopted  in  the  case  of  either  of  these  compounds  was  as  follows. 

Ten  grams  were  added  to  a  solution  containing  one  and  a  half  times 
the  calculated  quantity  of  potash  dissolved  in  methyl  alcohol,  and 
heated  on  the  water-bath  until  the  odour  of  ammonia  which  is  first 
noticed  ceases  to  be  apparent.  When  the  ethyl  ester  is  first  added  to 
the  alcoholic  potash,  a  deep  red  solution  is  formed ;  this  colour,  on  heating, 
gradually  disappears,  and  when  all   the  ammonia  has  been  evoh-ed  the 
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solution  is  colourless.  It  was  evaporated  to  dryness  and  the  residue 
made  strongly  acid  with  hydrochloric  acid  and  again  evaporated  to 
dryness.  In  order  to  effect  the  complete  conversion  of  the  pyridine 
into  its  hydrochloride,  and  thus  prevent  its  being  extracted  hy  ether, 
this  process  was  again  repeated,  hydrochloric  acid  being  added  and  the 
mixture  once  more  evaporated  to  dryness.  The  residue  was  then 
extracted  with  ether  and  the  extracted  acid  spread  on  a  porous  plate ; 
it  melted  at  132°  and  gave  acetic  acid  on  distillation. 

0-2221  gave  0-2801  COg  and  0-0739  HgO.     C  =  34-39  ;  H  =  3 -69. 
CgH^O^  requires  C  =  34-6  ;  H  =  3-8  per  cent. 

The  quantity  of  this  acid  formed  is  very  small,  about  2  grams 
being  obtained  from  20  grams  of  ethyl  ester.  No  trace  of  /3-methyl- 
glutaconic  acid  could  be  found  accompanying  the  malonic  acid,  and  it 
is  evident  that  it  is  not  formed  under  these  experimental  conditions. 

The  residue  left  after  the  extraction  with  ether  consisted  of  the 
hydrochloride  of  4-methyl-2  :  6 -dihydroxy pyridine  mixed  with  inorganic 
salts.  The  free  pyridine  derivative  was  isolated  by  dissolving  the 
mixture  in  water,  making  alkaline  with  ammonia,  and  then  acidifying 
with  acetic  acid,  when  it  slowly  separated  from  the  solution. 


(4)   With   Aqueous    Potash.     Formation   of  the    Potassi^(,m    Compoimcl 
C02EfCK(ON")-CMe:CH-C02Et. 

When  ethyl  a-cyano-^-methylglutaconate  is  added  to  cold  aqueous 
caustic  potash,  it  almost  instantly  dissolves,  forming  a  clear,  yellow 
solution,  from  which  a  copious  precipitate  of  the  above  potassium 
compound  separates  on  standing.  The  best  method  for  preparing  this 
compound  in  large  quantities  was  found  to  be  as  follows  :  100  grams 
of  ethyl  a-cyano-/3-methylglutaconate  were  added  quickly,  with 
constant  stirring,  to  500  c.c.  of  an  aqueous  solution  containing  150 
grams  of  caustic  potash.  The  ethyl  ester  dissolved  without  appreciable 
rise  of  temperature,  and  almost  immediately  the  contents  of  the 
beaker  became  nearly  solid  owing  to  the  separation  of  the  potassium 
compound.  This  was  filtered  at  the  pump,  washed  with  a  little  cold 
alcohol,  and  dried  on  a  porous  plate.  For  the  purposes  of  analysis,  a 
small  quantity  was  recrystallised  from  alcohol,  from  which  solvent  it 
separated  \\\  the  form  of  small  needle  clusters,  usually  of  a  lemon- 
yellow  colour. 

0-2413  gave  0-0791  K2SO4.     K  =  14-69. 

CjjHj^O^NK  requires  K=  14-8  per  cent. 

The  potassium  compound  melts  at  high  temperature  to  a  red  liquid. 
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It  dissolves  in  water  without  undergoing  decomposition,  and  on 
acidifying  the  solution  the  original  ethyl  ester  is  immediately 
precipitated. 

Formation  of  Ethyl  a-Gyano-a^-dimethylglutaconate, 
COoEt-CMe(CN)-CMe:CH'C02Et,  from  the  Potassium  Compound. 

In  order  to  prepare  this  ethyl  ester,  100  grams  of  the  potassium 
compound,  formed  as  described  above,  were  mixed  with  cold 
absolute  alcohol  in  a  flask  fitted  with  a  condenser  and  treated  with 
excess  of  methyl  iodide,  the  whole  being  heated  on  the  water-bath 
for  two  hours,  "Water  was  then  added  and  the  oil  which  separated 
extracted  by  means  of  ether.  On  evaporating  the  ether  from  the 
dried  solution,  an  oil  was  obtained  which  on  distillation  under 
diminished  pressure  passed  over  constantly  at  167°  (25  mm.)  as  a 
colourless  oil  : 

I,  0-2066  gave  0-4552  COg  and  0-1384  H.p.     C  =  60-08  ;  H  =  7-43. 

11,0-1743     „     0-3877  CO2  and  0-1169  HgO.     C-60-3;     H  =  7-4, 
CigHi^O^N  requires  G  =  60-2  ;  H~7-l  per  cent. 

The  same  ethyl  ester  can  be  also  prepared  by  treating  the  sodium 
compound  formed  in  the  condensation  of  ethyl  sodiocyanoacetate  with 
ethyl  acetoacetate  directly  with  excess  of  methyl  iodide,  but  it  was 
found  that  by  this  means  the  conversion  was  not  quite  complete,  small 
quantities  of  unchanged  ethyl  ester  always  accompanying  the 
methylated  product.  This  impurity  cannot  be  removed  by  fractional 
distillation,  and  when  the  pure  methylated  ethyl  ester  is  desired  it  is 
better  to  produce  it  through  the  potassium  compound  in  the  manner 
described  above ;  if,  however,  the  ethyl  ester  is  required  for  the 
production  of  further  alkylated  products,  the  second  method  will  be 
found  to  yield  a  compound  sufficiently  pure  for  the  purpose,  and  the 
latter  process  in  this  case  is  to  be  x-ecommended,  since  the  inevitable 
loss  entailed  in  working  through  the  pure  potassium  compound  is  not 
then  experienced.  An  analysis  of  the  product  prepared  by  direct 
methylation  gave  the  following  figures  : 

0-2061  gave  0-4527  CO2  and  0-1339  HgO.     0  =  59-89;  H  =  7-21. 
O^^H^yO^N  requires  O-60-2;  H  =  7-lper  cent, 
O1X5O4N        „        0  =  58-6;  H  =  6-7 
Accordingly,  the    quantity  of    unchanged  ethyl  ester  is  extremely 
small. 

Pure  ethyl  a-cyano-a/3-dimethylglutaconate  does  not  dissolve  in  cold 
aqueous  caustic  potash ;  if,  however,  some  unchanged  ethyl  a-cyano- 
/?-methylglutaconate  is  present,  the  ethyl  ester  becomes  partially  solid 
owing  to  the  formation  of  the  potassium  compound. 
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n  y  drolysis  of  Ethyl  a-Cyano-a(3-d{  m  e  t  Ji  y  I  g  I  u  t  a  c  o  n  a  t  e, 
( 1 )    WitJi  Hydroddoric  Acid.     Formation  of  4 ■.6-dimethyl-^  : ^-dihydroxy- 

j^yridine,  CMfc<C.p-rT p/qH^'^'^'    ^^'^    ^f  a^-Dimethylglutaconic 

Acid,  CO.H-CHMe-CMelCH-CO^H. 

a(i-Dime(]tylglutaconic  Acid. — A  considerable  difference  was  noticed 
between  the  behaviour  of  ethyl  a-cyano-a^-dimethylglucaconate  to- 
wards hydrochloric  acid  and  that  of  ethyl  a-cyano-/?-methylglutaconate 
already  described. 

When  ethyl  a-cyano-a^-iiimethylglutaconate  was  boiled  in  a  Geissler 
flask  with  concentrated  hydrochloric  acid,  it  slowly  passed  into 
solution,  and  after  heating  for  three  hours  had  completely  dissolved. 

On  cooling,  crystals  separated  which  were  collected,  dried,  and 
recrystallised  from  water.  On  examination  they  proved  to  be,  not  the 
pyridine  derivative,  but  the  above  acid,  which,  when  recrystallised 
from  water,  formed  large,  feather-like  crystals  which  melted  at  145° 
with  immediate  conversion  into  the  anhydride.  The  acid,  when  dis- 
solved in  a  solution  of  sodium  hydrogen  carbonate,  instantly  decolorised 
a  solution  of  permanganate. 

0-2059  gave  04041  CO^  and  0-1201  H,0.     C  =  53-52  ;  H  =  6-48. 
C-H^(j04  requires  C  =  53-2  ;  H  =  6-3  per  cent. 

The  silver  salt,  C^HgO^Agg,  is  obtained  as  a  white,  amorphous  pre- 
cipitate on  adding  a  solution  of  the  calculated  quantity  of  silver  nitrate 
to  a  neutral  solution  of  the  ammonium  salt  of  the  acid. 

0-2074  gave  0-1714  CO2,  0-0432  H2O,  and  0-1203  Ag.  0  =  22-54  ; 
H  =  2-31;Ag  =  58-00. 

C-HsO^Ag^  requires  0  =  22-64;  H  =  2-15;  Ag  =  57-94  per  cent. 

The    anltydride,    OMe^prr cr\^^^  ^^  formed  either  by  boiling 

the  acid  with  acetyl  chloride  until  hydrochloric  acid  ceased  to  be 
evolved,  or  by  boiling  ib  with  acetic  anhydride,  in  both  cases  the 
excess  of  the  reagent  being  eliminated  by  evaporation  in  an  evacuated 
desiccator  over  caustic  potash.  The  anhydride  which  remained  showed 
no  tendency  to  solidify,  and  it  was  therefoi-e  subjected  to  distillation 
under  diminished  pressure,  when  the  pure  anhydride  passed  over  at 
163°  (25  mm.)  as  a  colourless,  mobile  oil  which  did  not  show  any 
tendency  to  become  solid  even  when  cooled  in  a  mixture  of  ice  and 
salt.  It  musi  therefore  be  assumed  that  under  ordinary  conditions 
this  compound  is  a  liquid. 
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0  2057  gave  0-4510  CO..  and  01036  H.fi.     C  =  59-7U  ;  H  =  559. 
C-HgOg  requires  C  =  60'0;  H  =  5-7  per  cent. 

The  anhydride  gives  the  acid  from  which  it  was  derived  on  boiling 
with  sodium  carbonate  solution  and  acidifying. 

The  anilic  acid,  CONHPh'CHMe-CMelCH-CO.H,  is  formed  on 
adding  a  benzene  solution  of  aniline  to  a  solution  of  the  anhydride  in 
the  same  solvent  and  boiling.  On  cooling,  the  anilic  acid  separates  as  a 
white,  insoluble  precipitate,  soluble  in  aqueous  sodium  carbonate.  It 
is  sparingly  soluble  in  b<jnzene,  but  separates  from  a  large  quantity  of 
this  solvent  in  the  form  of  small  needles  which  melt  at  139°  ;  it  is  better 
recrystallised  from  benzene  containing  a  little  alcohol. 

0-2199  gave  0-5380  COo  and  0-1256  H2O.     C  =  66-72;  H  =  6-34.  . 
CigHj-OgN  requires  C  =  66-9  ;  H  =  6-4  per  cent. 

The  quantity  of  a^-dimethylglutaconic  acid  formed  in  this  way  is 
about  35  per  cent,  of  the  theoretical  amount  possible  from  the  ethyl 
ester  hydrolysed. 

4  :  b-Dimethyl-l  :  %-dihydroxyj)yridine. 

This  compound  is  formed  in  about  the  same  quantities  as  a^-di- 
methylglutaconic  acid  by  the  hydrolysis  of  ethyl  a-cyano-a^-dimethyl- 
glutaconato  with  hydrochloric  acid,  and  was  isolated  in  the  following 
way. 

After  filtering  the  acid  from  the  product  of  hydrolysis,  the  strongly 
acid  filtrate  was  diluted  with  water  and  a  solution  of  caustic  soda 
added  until  only  a  faintly  acid  reaction  was  shown  to  litmus.  An  oil 
separated  which  solidified  on  scratching  ;  this  was  collected,  spread  on 
a  porous  plate,  and  recrystallised  from  absolute  alcohol,  the  pyridine 
derivative  being  in  this  way  obtained  in  the  form  of  small,  colourless 
needles  which  melted  at  189°. 

0-1928  gave  0*4266  CO.,  and  0-1153  HA     C  =  60-34:  H  =  6-64. 
C^H,jO.>N  requires  C  =  604  ;  H  =  6-5  per  cent. 

4 :5-Dimethyl-2 :6-dihydroxypyridine  is  sparingly  soluble  in  hot  water, 
but  can  be  recrystallised  from  this  solvent  if  a  sutficient  quantity  is 
used.  The  product  prepared  in  this  way  does  not,  however,  contain 
water  of  crystallisation.  In  alcoholic  solution,  it  gives  a  deep  red 
coloration  with  ferric  chloride.  The  solid  base  does  not  exhibit  any 
tendency  to  oxidise  in  the  air,  and  combines  with  phthalic  anhydride 
to  form  a  blue,  fluorescent  dyestuff,  and  with  the  diazotised  /;-nitroanil- 
ine  to  form  a  yellow  colouring  matter.  It  reacts  as  a  monobasic  acid 
and  as   a  monoacid   base,   the  .salts  formed   in   the   latter  case   being 
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unstable  in  aqueous  solution.  It  reduces  an  ammoniacal  solution  of 
silver  nitrate  on  warming,  forming  a  mirror  of  metallic  silver. 

The  hydrochloride,  CYHyOgNjHCl.  The  pyridine  derivative  dissolves 
instantly  in  concentrated  hydi-ochloric  acid,  and,  on  standing,  the 
solution  deposits  the  hydrochloride  in  the  form  of  slender  needles 
which  dissolve  in  cold  water,  but  the  solution  immediately  deposits 
the  free  base. 

0-1825  gave  0-1478  AgCl.     Cl  =  20i0. 

aH,jO,N,HCl  requires  Cl  =  20-2  per  cent. 

The  dibenzoyl  derivative,  C7H702N(Ph*CO)2,  is  best  prepared  by  the 
Schotten-Baumann  method  by  dissolving  the  pyridine  derivative  in 
dilute  (10  per  cent.)  caustic  soda  solution  and  adding  excess  of  benzoyl 
chloride.  After  stirring  until  the  odour  of  benzoyl  chloride  is  no 
longer  apparent,  the  solid  residue  which  remains  is  recrystallised  from 
glacial  acetic  acid,  when  the  benzoyl  derivative  is  obtained  in  the 
form  of  small,  glistening  prisms  which  melt  at  179°. 

0-2301  gave  0-6107  COg  and  0*0979  H^O.     H  =  72-36  ;  H  =  4-83. 
CgiHj^O^lSr  requires  C  =  72-6  ;  H  =  4-9  per  cent. 

The  isowtiroso-derivative  (oa;M/ie),OMe-^p/.^j^TTx  p^^NH,  is  formed 

on  pouring  a  solution  of  the  pyridine  derivative  in  caustic  soda  con- 
taining excess  of  sodium  nitrite  into  dilute  acetic  acid.  On  mixing  the 
solutions,  a  deep  red  coloration  is  produced,  and  on  standing  the  oxime 
slowly  separates  as  a  light  yellow,  crystalline  precipitate.  It  crys- 
tallises from  dilute  alcohol  in  the  form  of  small,  yellow  needles  which 
melt  and  blacken  at  167—169°. 

02118  gave  3-3875  CO^  and  0-0934  H2O.     0  =  49-89;  H  =  4-90. 
CVH^OgNg  requires  0  =^  500  ;  H  =  4-8  per  cent. 

The  oxime  dissolves  in  aqueous  sodium  carbonate  forming  a  magenta- 
red  solution,  and  gives  in  neutral  solution  an  intense  blue  coloration 
with  ferrous  sulphate. 

Transformation  of  a^-Dimethylglutaconic  Acid  into  4  :  b-Dimethyh 
2  :  ^-dihydroxypyridine. 

This  transformation  is  effected  by  distilling  the  ammonium  salt  of 
the  acid,  which  was  prepared  by  evaporating  a  solution  of  the  acid 
made  alkaline  with  ammonia,  to  dryness  on  the  water-bath.  The  solid 
residue  on  distillation  under  500  mm.  pressure  gave  an  oil  which 
passed  over  at  265 — 270°  and  immediately  became  solid.  Eecrys- 
tallised  from  absolute  alcohol,  it  formed  small,  colourless  plates  which 
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melted   ut    189°,  and   which  were    in   every   way   identical    with    the 
dimethyldihydroxypyridine  already  described. 


(2)    With  Sulphuric  Acid. 

When  ethyl  a-cyano-a/3-dimethylglutaconate  is  mixed  with  an  equal 
volume  of  concentrated  sulphuric  acid,  but  little  heat  is  generated,  and 
if  the  solution  is  allowed  to  stand  for  twelve  hours  and  then  poured 
into  water  the  ethyl  salt  is  recovered  unchanged.  It  is  evident,  there- 
fore, that  there  is  no  tendency  to  form  the  pyridine  derivative  under 
these  conditions. 

(3)   With  Alcoholic  Potash.     Formation  of  4  :  ^-Dimethyl-2  :  6- 
dihydroxypyridine. 

When  ethyl  a-cyano-aj8-dimethylglutaconate  is  boiled  for  five  hour.s 
in  a  Geissler  flask  with  a  solution  containing  one  and  a  half  times  the 
calculated  quantity  of  potash  dissolved  in  methyl  alcohol,  no  ammonia 
is  evolved,  and  the  product, on  evaporating  free  from  alcohol,  acidifying, 
and  extracting  with  ether,  gave  a  solid  residue  which,  when  recrystal- 
lised  from  alcohol,  melted  at  189°  and  consisted  entirely  of  4  :  5-dimethyl- 
2  :  6-dihydroxypyridine. 


Condensation  of  Ethyl  Sodiocyanoacetate  with  Ethyl  Methylacetoacetate. 
Formation  of  Ethyl  a-Cyano-By-dimethylglutaconate, 
C02Et-CH(CN)-CMe:CMe-C0.Et. 

In  order  to  effect  this  condensation,  23  grams  of  sodium  were  dis- 
solved in  twelve  times  its  weight  of  alcohol  and  the  solution  mixed  first 
with  113  gi-ams  of  ethyl  cyaiioacetate  and  then  with  144  grams  of  ethyl 
methylacetoacetate,  the  whole  being  heated  on  the  water-bath  for  half 
an  hour. 

On  adding  the  ethyl  methylacetoacetate,  the  sodium  derivative  of 
ethyl  cyanoacetate  slowly  dissolves  and  is  replaced  by  the  gelatinous 
sodium  compound  of  the  condensation  product.  This  is  decomposed  on 
the  addition  of  dilute  acid,  and  an  oil  separates  which  can  be  extracted  by 
means  of  ether,  the  ethereal  solution  being  washed  with  water  and  with 
sodium  carbonate  solution,  dried,  and  the  ether  evaporated,  the  oil 
which  remained  being  then  fractionated  under  diminished  pressure.  In 
this  way,  the  pure  ethyl  salt  was  obtained  as  a  moderately  viscid  oil 
which  boiled  at  168°  (25  mm.). 

0-2270  gave  0-5018  CO^  and  0-1472  HgO.     C  =  60-29;  H  =  7-2. 
C^gHj^O^N  requires  C  =  60*2  ;  H  =  7*11  per  cent. 
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Ethyl  a-cyano-/3y-dimethylglutaconate  dissolves  in  strong  caustic 
potash  solution  in  much  the  same  way  as  ethyl  a-cyano-/3-methyl- 
glutaconate,  but  the  gelatinous  potassium  salt  which  is  formed  is 
difficult  to  purify  sufficiently  for  analysis. 


Hydrolysis   of  Ethyl    a-C y ano- [iy -dimetli ylglutaconate. 

(1)    With  Hydrochloric  Acid.     Formation  of  (Sy-Dimethylylutaconic  Acid, 
COoH-CHo-CMelCMe-CO^H. 

The  ethyl  salt  was  boiled  in  a  Geissler  flask  with  excess  of  con- 
centrated hydrochloric  acid,  when  the  oil  slowly  dissolved  with  con- 
siderable effervescence.  When  all  had  passed  into  solution,  the  product 
was  cooled  and  the  solid  which  separated  filtered  and  recrystallised 
from  water.  In  this  way,  it  was  obtained  in  the  form  of  feather-like 
crystals  melting  at  145°. 

0-2010  gave  0-3901  CO^  and  0-1207  HoO.     C  =  52-93;  H  =  6-67. 
CVH^qO^  requires  C  =  53-2  ;  H  =  6-3  per  cent. 

^y-Dimethylglutaconic  acid  is  in  every  way  identical  with  oyS-di- 
methylglutaconic  acid  already  described.  The  two  acids  have  the  same 
melting  point  and  the  same  crystalline  form,  and  a  mixture  of  the  two, 
prepared  by  evaporating  a  mixture  of  their  respective  solutions  to  dry- 
ness, shows  no  alteration  of  the  melting  point.  They  both  form  liquid 
anhydrides  which  boil  at  the  same  temperature,  and  give  in  benzene 
solution  with  aniline  the  same  anilic  acid,  melting  at  139°. 

The  quantity  of  acid  formed  in  this  hydrolysis  is  very  much  greater 
than  that  from  an  equal  quantity  of  ethyl  a-cyano-ajS-dimethyl- 
glutaeonate  under  similar  conditions,  representing  as  it  does  about 
75  per  cent,  of  that  theoretically  possible ;  it  was  not  surprising,  there- 
fore, to  find  that  the  pyridine  derivative  is  not  formed  at  all  in  this 
hydrolysis. 

On  adding  alkali  to  the  hydrochloric  acid  filtrate  of  the  acid  until 
only  a  faintly  acid  reaction  remained,  although  the  solution  became 
cloudy,  showing  that  some  formation  of  the  pyridine  derivative  had 
probably  taken  place,  yet  the  quantity  was  not  sufficient  for  identifica- 
tion. 

4  :  5-Dimethyl-2  :  6-dihydroxypyridine,  melting  at  18S°,  was,  however, 
readily  prej)ared  from  the  acid  by  distilling  its  ammonium  salt  in  the 
manner  already  described  in  the  case  of  the  a^-acid. 
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(2)    With  Suljjhuric  Acid.     Formation   of  Ethyl   3  :  i-Dimethijl-2  :  6- 
dihydroxypyridine-^  carboxylaie,  CMe^p^T  J _ri/ q  u  n/^- 

On  treating  ethyl  a-cyano-^y-dimethylglutaconate  with  an  equal 
volume  of  concentrated  sulphuric  acid,  considerable  heat  is  generated, 
and  if  after  standing  (without  cooling)  for  twelve  hours  the  product  is 
poured  into  water,  the  above  compound  separates  as  a  yellow, 
crystalline  precipitate. 

Recrystallised  from  hot  alcohol,  it  forms  long  needles,  usually  slightly 
yellow  in  colour,  which  melt  at  187°. 

C  =  56-75;  H  =  5-98. 
56-9;  H  =  6-l  percent. 

The  pyridine  derivative  is  soluble  in  concentrated  acids,  forming 
unstable  salts ;  it  is  insoluble  in  alkaline  carbonates,  but  dissolves  in 
caustic  alkalis.  It  does  not  react  with  nitrous  acid,  and  gives  a 
transient  red  colour  in  alcoholic  solution  with  ferric  chloride.  On 
boiling  with  hydrochloric  acid  in  a  Geissler  flask,  it  is  completely 
hydrolysed  after  heating  for  three  hoars,  forming  4  :  5-dimethyl-2  :  6" 
dihydroxypyridine,  melting  at  189°. 

The  hydrochloride  slowly  separates  ia  the  form  of  colourless  needles 
on  dissolving  the  pyridine  derivative  in  concentrated  hydrochloric  acid 
and  allowing  the  solution  to  stand.  It  is  immediately  dissociated  by 
cold  water. 

(3)    With  Alcoholic  Potash.     Formation  of  ^l  :  ^-Dimet]iyl-'2  :  6- 
dihydroxypyr  idine. 

On  boiling  ethyl  a-cyano-y8y-dimethylglutaconate  with  a  solution 
cjntaining  one  and  a  half  times  the  calculated  quantity  of  potash  dis- 
solved in  methyl  alcohol  for  five  hours,  no  appreciable  quantity  of 
ammonia  is  evolved,  and  on  evaporating  the  solution  free  from  alcohol, 
rendering  slightly  acid,  and  extracting  with  ether,  an  extract  is  obtained 
which  solidifies  on  cooling  and  when  crystallised  from  absolute  alcohol 
forms  small,  colourless  needles  which  melt  at  189°. 

0-2115  gave  0-4671  CO2  and  0-1201  H2O.     C  =  60-23;  H  =  6-29. 
C^HgOgN  requires  C  =  60  4  ;  H  =  6  5  per  cent. 

This  substance  is  in  every  respect  the  same  as  the  dimethyldihydroxy- 
pyridine  prepared  from  ethyl  a-cyano-a^-dimethylglutaconate,  and  by 
the  distillation  of  the  ammonium  salt  of  a/3-dimethylglutaconic  acid, 
not  only  are  the  melting  points  and  crystalline  forms  of  the  two  com- 
pounds the  same,  but  the  hydrochlorides  separate  from  their  solution^ 
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in  concentrated  hydrochloric  acid  in  the  same  characteristic  form,  and, 
moreover,  the  benzoyl  derivatives  of  the  two  substances  melt  at  the 
same  temperature. 

Further      Metliylation      of      Ethyl      a-Cyano-aj^-climetliylghdaconate. 
Formation  of  Ethyl  a-Cyano-a(Sy-trimethylglutaconate, 
C02Et-CMe(CN)-CMe:CMe-COoEt. 

This  ethyl  ester  was  prepared  in  the  following  way  :  48  grams  of 
ethyl  a-cyano-a/3-dimethylglvitaconate  were  mixed  with  a  solution  of 
4-6  grams  of  sodium  dissolved  in  alcohol.  The  mixture  became  dark 
coloured  and  a  considerable  amount  of  heat  was  generated.  As  quickly 
as  possible,  30  grams  of  methyl  iodide  were  added  through  a  condenser 
tube  and  the  whole  heated  on  the  water-bath  for  three  hours.  Water 
was  then  added,  and  the  oil  which  separated  extracted  with  ether. 
On  evaporating  the  ether  from  the  dried  solution,  an  oil  remained, 
which,  on  distilling  under  diminished  pressure,  boiled  constantly  at 
160 — 161°  (25  mm.),  passing  over  as  a  colourless  oil. 

0-2150  gave  0-4855  00^  and  0-1512  H.O.     0  =  61-58  3  H  =  7-81. 
OjgHigO^N  requires  0  =  61-7  3  H  =  7-5  per  cent. 

In  this  experiment,  there  is  always  formed  a  small  quantity  of  ethyl 
y-cyano-ay8y-trimethylcrotonate,  the  production  of  which  in  large 
quantities  is  described  in  the  next  paragraph. 

Further      Methylation    of      Ethyl      a-Cyano-a^y-trimethyhjlutaconate. 
Formation  of  Ethyl  y-Cyano-a^y-trimetJiylcrotonate, 

0HMe(0N)-0Me:0L\Ie-COoEt, 
and  of  Ethyl  Carbonate. 

The  object  of  this  experiment  was  to  introduce  another  methyl 
group  into  the  molecule  of  ethyl  a-cyano-a^y-trimethylglutaconate  ;  it 
was  found,  however,  that  instead  of  the  methyl  group  entering,  the 
compound  quantitatively  split  off  a  carboxyl  group  as  ethyl  carbonate, 
being  at  the  same  time  transformed  into  the  above  derivative  of 
crotonic  acid. 

Twenty-five  grams  of  ethyl  a-cyano-a/3y-trimethylglutaconate  were 
mixed  with  a  solution  of  2-3  grams  of  sodium  dissolved  in  alcohol,  and 
the  mixture,  which  became  warm  and  dark  coloured,  allowed  to  stand 
for  half  an  hour  at  the  ordinary  temperature.  Methyl  iodide  was 
then  added  and  the  solution  heated  on  the  water-bath  for  two  hours, 
when  water  was  introduced  and  the  oil  which  separated  extracted  by 
means  of  ether.  On  drying  the  solution  and  evaporating  the  ether, 
an  oil  remained  which  was  first  fractionated  under  diminished  pres- 
sure, care  being  taken  to  condense  the  more  volatile  portion.     In  this 
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way,  two  fractions  were  obtained,  which  were  subsequently  fraction- 
ated under  the  ordinary  pressure.  The  more  volatile  portion  passed  over 
at  126°  (750  mm.),  and  was  found  to  consist  of  pure  ethyl  carbonate. 

0-1934  gave  0-3597  COo  and  0-1501  H^O.     0  =  5098;  H  =  8-66. 
Cr.HjQOg  requires  C  =  50-9  ;  H  =  8-5  per  cent. 

It  was  identified  by  conversion  into  carbamide  on  heating  in  a  sealed 
tube  Avith  ammonia  at  180°  for  four  hours. 

The  less  volatile  fraction  passed  over  at  245°  (750  mm.)  as  a  clear, 
mobile  oil  smelling  strongly  of  bracken,  and  was  found  to  consist  of 
ethyl  y-cyano-a^Sy-trimethylcrotonate. 

0-2132  gave  0-5163  CO2  and  0-1587  H,0.     C  =  66-03  ;  H  =  8-27. 
CioHi50.,N  requires  0  =  66-2  ;  H  =  8-3  per  cent. 

The  conversion  is  quantitative,  a  practically  theoretical  yield  of  the 
crotonic  acid  derivative  being  obtained. 

Hydrolysis  of  Ethyl    a-Cyano-a(iy-trimethylglutaconate  and 
of  EtJtyl  y-Cycino-a(iy-triinet1tylcrotonate. 

(1)   With  Hydrochloric    Acid.     Formation  0/  3  :  4  :  6-Triinethyl-'2,  :  6- 

dihydroxypyridine,  CMe<^pjyj-  .n/Qfr\^^>  and  of  afiy-Trimethyl- 

ghitaconic  Acid,  CO.H-CHMe-CMelCMe'CO.^H. 

3:4:  5-Trimethyl-2  :  6-dihydroxypyridine. — Both  ethyl  a  cyano-a/^y- 
trimethylglutaconate  and  ethyl  y-cyano-a^y-trimethylcrotonate  yield  the 
same  products  on  hydrolysis,  the  only  difference  between  them  being 
in  the  length  of  time  during  which  the  process  must  be  prolonged  in 
order  to  complete  the  reaction. 

On  boiling  either  of  these  ethyl  esters  in  a  Geissler  fl.a3k  with  con- 
centrated hydrochloric  acid,  the  derivative  of  crotonic  acid  naturally 
passes  first  into  solution,  the  glutaconic  derivative,  owing  to  the 
presence  of  an  additional  carbethoxyl  group,  taking  longer  to  hydro- 
lyse.  The  reaction  is,  however,  in  each  case  finished  when  all  the  oil 
has  passed  into  solution.  On  cooling,  a  large  quantity  of  crystals 
separated ;  these  were  collected  and  found  to  consist  of  a  hydrochloride 
readily  dissociated  by  cold  water.  On  boiling  with  water,  the  sub- 
stance dissolved,  and  on  cooling  3:4:  5-trimethyl-2  :6-dihydroxypyridino 
separated  in  the  form  of  small,  colourless  plates  melting  at  180"^. 

0-2280  gave  0-5217  CO^  and  0-1522  H^O.     C  =  62-40;  H  =  7-41. 
CgHj^OoN  requires  C  =  62-7  ;  H  =  7-l  per  cent. 

The  pyridine  derivative  can  also  be  recrystallised  from  alcohol,  in 
which  case  it  is  unnecessary  to  use  so  much  of  the  solvent.     It  gives 

5  U  2 
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a  transient  red  colour  in  alcoholic  solution  with  ferric  chloride,  and 
behaves  as  a  monobasic  acid  and  as  a  monoacid  base,  the  salts  formed 
in  the  latter  case  being  dissociated  by  cold  water.  It  does  not  react 
with  phthalic  anhydride  to  form  a  phthaJein,  neither  does  it  combine 
with  diazotised  ^>nitroaniline  to  form  a  colouring  matter.  It  does  not 
exhibit  any  tendency  to  oxidise  in  the  air,  but  reduces  an  ammoniacal 
solution  of  silver  nitrate,  forming  on  warming  a  mirror  of  metallic 
silver. 

The  hydrochloride,  CgHj^OoNjHCl,  separates  from  a  solution  of  the 
pyridine  in  concentrated  hydrochloric  acid  in  the  form  of  long,  slender 
needles  ;  it  is  dissociated  by  cold  water. 

0-2111  gave  0-1598  AgCl.     01  =  18-78. 

CgHj^OgNjHCl  requires  CI  =  18-9  per  cent. 

The  dibenzoyl  derivative,  CgHg02N(COPh)2,  is  formed  by  dissolving 
the  pjTidine  derivative  in  10  per  cent,  caustic  soda  solution,  adding 
excess  of  benzoyl  chloride,  and  stirring  until  the  odour  of  benzoyl 
chloride  is  no  longer  apparent.  The  solid  which  then  remains  crystal- 
lises from  glacial  acetic  acid  in  the  form  of  long,  spear-like  needles 
which  melt  at  188°. 

0-1996  gave  0-5329  CO,  and  009S7  HoO.     C  =  72-81  ;  H  =  5-49. 
CggHjgO^N  requires  C  =  73-l  ;  H  =  5-3  per  cent. 

a/3y- TrhneiJiylglutaconic  A cid. 

The  filtrate  from  the  pyridine  derivative  was  evaporated  to  dryness. 
On  adding  water  to  the  residue,  an  oil  remained  undissolved,  and 
since  it  was  found  that  this  oil  still  contained  some  unhydrolysed 
product  it  was  mixed  with  hydrochloric  acid  and  again  heated  in 
a  Geissler  flask  for  three  hours,  when,  on  cooling,  a  further  quantity  of 
the  hydrochloride  of  3  :  4  :  5-trimethyl-2  :  6-dihydroxypyridine  separated. 
This  was  filtered  off  and  the  filtrate  extracted  with  ether.  On 
evaporating  the  dried  ethereal  solution,  an  oil  remained,  which  became 
partially  solid  on  standing ;  this  solid,  however,  dissolved  on  adding 
water,  leaving  an  oil  undissolved,  which  passed  into  solution  on  boiling, 
but  separated  as  an  oil  on  cooling.  It  was  purified  by  dissolving  in 
hot  water,  cooling,  and  gradually  adding  sufiicient  concentrated  hydro- 
chloric acid  dviring  the  process  to  prevent  the  separation  of  oil.  On 
standing,  a  large  quantity  of  crystals  separated,  which  were  collected 
and  purified  by  recrystallisation  from  water.  aySy-Trimethylglutaconic 
acid  prepared  in  this  way  forms  small  needles,  which  melt  at  127° 
with  immediate  formation  of  the  anhydride. 

0-1817  gave  0-3709  COg  and  01173  HoO.     C  =  55-67;  H  =  7-17. 
CgHj204  requires  C  =  55-8  ;  H  =  7-0  per  cent. 
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The  silver  salt,  CgHjoO^Ag.^,  is  obtained  as  a  white  precipitate  on 
adding  a  solution  of  the  calculated  quantity  of  silver  nitrate  to 
a  neutral  solution  of  the  ammonium  salt  of  the  acid, 

0-2621  gave  0-1463  Ag.     Ag  =  55'82. 

CgHjoO^Agg  requires  Ag  =  55-8  per  cent. 

The    anhydride,   CMe"^p,,r  c\\^^'   '^^  ^^^^  prepared  by  boiling 

the  acid  with  excess  of  acetic  anhydride  on  the  sand-bath  for  half  an 
hour.  On  evaporating  the  solution  in  an  evacuated  desiccator  over 
caustic  potash,  a  crystalline  residue  remains,  which  separates  from 
light  peti^oleum  (b.  p.  60 — 80°)  in  the  form  of  large  prisms  melting 
at  119°. 

0-2002  gave  0-4588  CO^  and  01138  Hp.     C  =  62-50;  H  =  6-31. 
CgHioOg  requires  C  =  62-3  ;  H  =  65  per  cent. 

The  hydrochloric  acid  residues  from  the  acid  gave  an  oil  on  dilution 
with  water,  from  which  a  further  quantity  of  the  acid  was  separated 
on  repeating  the  process  already  described. 

Ultimately  a  product  was  obtained  from  which  no  more  acid  could 
be  extracted.  It  was  an  oil  insoluble  in  cold  water,  but  dissolves  on 
heating  and  separates  as  an  oil  again  on  cooling.  An  attempt  was 
made  to  purify  it  by  distillation,  since  it  was  thought  that  it  might 
be  the  unsaturated  monobasic  acid  formed  by  the  elimination  of  carbon 
dioxide  during  the  process  of  hydrolysis.  It  was  found,  however, 
that  the  liquid  distilled  constantly  at  190°  (30  mm.),  and  that  the 
distillate,  which  immediately  solidified,  consisted  of  pui-e  3:4:  5-tri- 
methyl-2  :  6-dihydroxypyridine  melting  at  180°. 

Transformation  of  o.^y-TrimethylylutaconiG  Acid  into  3:4:  ^-TriinelJtyl- 
2  :  <6-dihydroxy pyridine. 

This  transformation  was  effected  by  distilling  the  ammonium  salt 
of  the  acid  under  slightly  diminished  pressure.  The  ammonium  salt 
prepared  by  evaporating  a  solution  of  the  acid  in  dilute  ammonia  to 
dryness  was  distilled  under  500  mm.  pressvire ;  the  pyridine  derivative 
passed  over  at  260°  as  a  yellow  oil  which  instantly  solidified. 

Recrystallised  from  alcohol,  it  formed  small  needles  which  melted 
at  180°,  and  which  were  in  every  way  identical  with  the  3:4:  5-tri- 
jnethyl-2  :  6-dihydroxypyiidine  already  described. 
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Ester ification  of  a(iy- Trimeihylglutaconic  Acid.     Attempt  to  Introduce 
another  Methyl  Group. 

In  the  first  place,  in  order  to  see  whether  another  methyl  group 
could  be  introduced  into  ethyl  y-cyano-a^y-trimethylcrotonate,  it  was 
ti'eated  with  the  theoretical  quantity  of  sodium  dissolved  in  alcohol 
and  then  with  excess  of  methyl  iodide,  the  mixture  being  heated  on 
the  water-bath  until  a  test  portion  dissolved  in  water  gave  a  neutral 
reaction.  On  extracting  the  product  in  the  usual  way,  the  oil  obtained 
was  found  to  boil  at  245°  (750  mm.)  and  to  give  figures  on  analysis 
corresponding  with  the  ethyl  ester,  showing  therefore  that  no  methyl 
group  had  been  introduced. 

0-2584  gave  0-6262  CO2  and  0-1965  H,0.     C  =  66-09  ;  H  =  8-4. 
OioHi.OoN  requires  C  =  66-2  ;"  H  =  8-3  per  cent. 
CiiHj.OoN        „        0  =  67-7;  H  =  8-7 

An  attempt  was  then  made  to  esterify  ethyl  y-cyano-a/^y-trimethyl- 
crotonate  by  treating  it  with  alcohol  and  sulphuric  acid.  The  ethyl 
ester  was  mixed  with  three  times  its  volvime  of  absolute  alcohol  and  an 
equal  volume  of  concentrated  sulphuric  acid  and  the  mixture  heated 
on  the  water-bath  for  three  hours,  when  the  product  was  poured  into 
water  and  the  oil  which  separated  extracted  with  ether.  On  drying 
and  evaporating  the  ether,  an  oil  remained  which  became  solid  on 
cooling.  It  was  spread  on  a  porous  plate  and  then  recrystallised  from 
dilute  alcohol,  from  which  solvent  it  separated  in  the  form  of  large 
plates  which  melted  at  190°. 

0-2050  gave  0-5002  COo  and  0-1506  H2O.     0  =  66-54;  H-8-16. 
O^QH^jOgN  requires  0  =  66-2  ;  H  =  8-3  per  cent. 

The  compound  contains  nitrogen,  and  gives  in  alcoholic  solution 
a  deep  reddish-violet  colour  with  ferric  chloride.  It  was  not  further  in- 
vestigated, but  is  probably  3:4:  ^-trimethyl-%hydroxy-^-ethoxypyridinc, 

CMe<^JjJ^l^^,Qg|>N.      Since    the    ethyl    salt    of     a/?y-trimethyl- 

glutaconic  acid  could  not  be  prepared  in  this  way,  its  formation  was 
effected  by  the  direct  esterification  of  the  acid,  and  for  this  purpose 
the  silver  salt  was  found  most  convenient.  This  salt,  which  tvas 
prepared  by  the  method  already  described,  was  thoroughly  dried  and 
suspended  in  dry  ether  in  a  flask  fitted  with  a  reflux  condenser,  the 
requisite  quantity  of  ethyl  iodide  being  added  through  the  condenser 
tube.  The  mixture  was  then  heated  on  the  water-bath  for  five  hours. 
The  contents  of  the  flask  were  then  filtered,  the  ether  evai^orated, 
and  the  residue  distilled  under  diminished  pressure. 
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Ethyl  afiy-trimethylglutaconate  prepared  in  this  way  is  a  colourless, 
mobile  oil  boiling  at  125 — 127°  (25  mm.). 

0-2147  gave  0-4994  CO2  and  0-1685  H.O.     0  =  63-43  ;  H  =  8-72. 


The  pure  ethyl  salt  was  then  treated  with  the  calculated  quantity 
of  sodium  dissolved  in  alcohol,  and  methyl  iodide  in  slight  excess 
added  to  the  solution,  the  wliole  being  heated  on  the  water-bath  until 
neutral.  On  adding  water  and  extracting  Avith  ether,  an  oil  was 
obtained  on  evaporating  the  ether  which  boiled  at  the  same  tempera- 
ture as  ethyl  a/3y-trimethylcrotonate,  and  on  analysis  gave  numbei'S 
corresponding  with  this  compound. 

0-2071  gave  0-4810  CO2  and  0-1623  HgO.     0  =  63-34  ;  H  =  8-70. 
OjoH.^qO^  requires  0  =  63-2  ;  H  =  8-8  per  cent. 
^iz'^lpi        „        0  =  64-4;  H  =  9-l       „ 

It  is  evident,  therefore,  that  it  is  not  possible  to  introduce  another 
methyl  group  into  this  substance  by  this  means. 

Further  Methylation  of  Ethyl  a-Cyano-fiy-dimethylglutaconate.  Forma- 
tion of  Ethyl  a-Cyano-a^y-trimethylglutaconate,  3:4:  b-Trimethyl^ 
2  :  %-dihydroxy pyridine^  and  a^y-Trimethylglutaconic  Acid. 

Ethyl  a-cyano-/3y-dimethylglutaconate, 

C02Et-0H(CN)-CMe:CMe-00oEt, 
can  be  directly  methylated  by  treating  the  product  of  the  condensa- 
tion between  ethyl  sodiocyanoacetate  and  ethyl  methylacetoacetate 
with  methyl  iodide,  and  in  this  case,  when  the  production  of  the  ethyl 
cyano-salt  is  required  in  large  quantities,  the  direct  method  is  to  be  re- 
commended, since  the  production  of  ethyl -y-cyano-aySy-trimethylcrotonate 
is  thereby  prevented.  The  product  of  the  condensation  of  molecular 
proportions  of  ethyl  sodiocyanoacetate  and  ethyl  methylacetoacetate 
was  treated  directly  with  methyl  iodide  in  slight  excess  and  the 
mixture  hsated  for  a  further  three  hours  on  the  water-bath.  On 
Avorking  up  the  product,  an  oil  was  obtained  which  boiled  at  160 — 161° 
(25  mm.). 

0-2158  gave  0-4857  OO2  and  0-1501  HoO.     0  =  61-38;  H  =  7-72. 
Oj3Hj,p^N  requires  0  =  61-7  ;  H  =  7-5  per  cent. 

Since  this  ethyl  ester  gave,  on  hydrolysis  with  hydrochloric  acid, 
3:4:  5-triniethyl-2  :  6 -dihydroxy pyridine  melting  at  180°  and  aySy-tri- 
methylglutaconic  acid  melting  at  127°,  the  former  giving  a  benzoyl 
derivative  melting  at  188°  and  the  latter  an  anhydride  melting  at 
li9°,  there  could  be   no  doubt  that   it   was  identical  with  the  ethyl 
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a-cyaDo-a/3y-trimethylglutaconate  prepared  by  the  methylation  of 
ethyl  a-cyano-ayS-dimethylghitaconate, 

Another  method  of  producing  ethyl  a-cyano-a^y-trimethylgluta- 
conate  consists  in  treating  pure  ethyl  a-cyano-^y-dimethylglutaconate 
witb  sodium  ethoxide  and  methyl  iodide,  and  although  by  this  method 
the  pul-e  ethyl  ester  is  obtained,  yet  the  yield  is  diminished  owing  to 
the  formation  of  ethyl  y-cyano-ay8y-trimethylcrotonate  in  the  manner 
already  described. 

Pure  ethyl  a-cyano-a^y-trimethylglutaconate  prepared  in  this  way 
boils  at  160 — 161°  (25  mm.),  and  gave  the  following  numbers  on 
analysis : 

0-2103  gave  0-4769  CO2  and  0-1402  H,0.     C  =  61-85;  H  =  7-41. 
C^gH^gO^N  requires  0  =  61-7;  H  =  7-5  per  cent. 

On  hydrolysis  with  hydrochloric  acid,  3:4:  5-trimethyl-2  :  6-dihydr- 
oxypyridine  melting  at  180°  and  aySy-trimethylglutaconic  acid  melting 
at  127°  were  produced. 

Treatment  of  the  Potassium  Compound  002Et-CK(CN)-CMe:OH'C02Et 
witJt,  Ethyl  Iodide.  Form.ation  of  Ethyl  a-Cyano-^-methyl-a-ethyl~ 
glutaconate,  002Et-OEt(CN)-CMe:CH-002Et. 

Fifty  grams  of  the  well-dried  potassium  compound  prepared  in  the 
manner  described  on  page  1694  were  suspended  in  cold  alcohol  and 
treated  with  a  slight  excess  of  ethyl  iodide  in  a  Geissler  flask,  the 
mixture  being  heated  on  the  water-bath  for  three  hours.  On  pouring 
the  product  into  water,  an  oil  separated  which  was  extracted  with 
ether,  the  ether  after  drying  was  evaporated,  and  the  residual  liquid 
fractionated  under  diminished  pressure.  In  this  way,  ethyl  a-cyano-^- 
methyl-a-ethylglutaconate  is  obtained  as  a  fairly  viscid  oil  which  boils 
at  163°  (25  mm.). 

0-2171  gave  0-4934  CO2  and  0-1504  H2O.     0  =  61-98;  H  =  7-69. 
OjgHjgO^N  requires  0  =  61-7;  H  =  7*5  per  cent. 

The  yield  of  ethyl  ester  from  potassium  compound  is  practically 
theoretical.  It  may  also  be  prepared  by  the  direct  ethylation  of  the 
condensation  product  formed  in  the  interaction  of  ethyl  sodiocyano- 
acetate  and  ethyl  acetoacetate,  but  the  remarks  made  in  respect  to  the 
production  of  ethyl  a-cyano-a/3-dimethylglutaconate  by  similar  means 
apply  also  in  this  case,  the  product  formed  always  containing  some, 
unchanged  ethyl  a-cyano-^-metbylglutaconate. 
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Uydrolysis    of   Ethyl    a-Cyano-^-ynethyl-a-ethylglutaconate. 

(1)    With  Hydrochloric  Acid.     Formation   of  p-Methyl-a-ethylylutaconic 
Acid,  CO^H-CHEf  CMeX'H-CO^H,  and  i-Methyl-^-ethyl-'2  :  6-cZi- 

hydroxypyridine,    CMe<^pTT.  p/OTT^-^^' 

P-Methyl-aL-ethylylutaconic  acid. — On  boiling  the  ethyl  ester  in  a 
Geissler  flask  with  concentrated  hydrochloric  acid,  the  oil  gradually 
dissolved,  and  after  heating  for  twelve  hours  all  had  passed  into 
solution. 

The  product  on  cooling  deposited  a  large  quantity  of  crystals  which 
were  collected  and  recrystallised  from  water,  when  the  above  acid  was 
obtained  in  the  form  of  plates  melting  at  164:°,  with  immediate  forma- 
tion of  the  anhydride. 

0-2216  gave  0-4542  COo  and  0-1410  H,0.     C  =  55-90  ;  H  =  707. 
Q^y2^i  requires  C  =  55-8  ;  H  =  7-0  per  cent. 

The  acid  in  alkaline  solution  instantly  decolorises  a  solution  of  per- 
manganate. 

The  silver  salt,  CgH^gO^Ag.,,  is  formed  as  a  white,  insoluble  pre- 
cipitate on  adding  a  solution  containing  the  calculated  quantity  of 
silver  nitrate  to  a  neutral  solution  of  the  ammonium  salt  of  the  acid. 

0-3120  gave  0-1740  Ag.    Ag  =  55-77. 

CgHjj^O^Agg  requires  Ag  =  55-8  per  cent. 

The  anhydride,  CMe^pyr nry^^y  ^^  hest  produced  by  boiling  the 

acid  with  excess  of  acetyl  chloride  until  the  evolution  of  hydrogen 
chloride  ceases.  On  evaporating  the  excess  of  acetyl  chloride  and 
acetic  acid  formed  by  placing  the  solution  in  an  evacuated  desiccator 
over  potash,  a  viscid  liquid  remains  which  solidifies  on  scratching. 
Recrystallised  from  light  petroleum  (b.  p.  40 — 50°),  it  is  obtained  in 
the  form  of  lustrous  plates  which  melt  at  53°. 

0-1945  gave  0-4461  CO.^  and  0-1137  H,0.     0  =  62-55;  H  =  6-49. 
CgHjgOg  requires  0  =  62-3;  H  =  6-5  per  cent. 

The  anhydride  on  boiling  with  a  solution  of  sodium  carbonate  slowly 
dissolves,  and,  on  acidifying,  the  acid  melting  at  164°,  from  which  it 
was  derived,  is  precipitated. 

The  anilic  acid,  OONHPh-CHEt-OMelCH-OOgH,  was  prepared  by 
adding  a  benzene  solution  of  aniline  to  a  solution  of  the  anhydride  in 
the  same  solvent  and  boiling.  On  cooling,  a  solid  separated  which  was 
recrystallised  from  benzene,  and  in  this  way  obtained  in  the  form  of 
small,  clustered  needles  which  melted  at  1 29°. 
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0-2205  gave  0-5518  CO2  and  0-1333  H2O.     0  =  68-25;  H  =  6-71. 
C14HJ7O3N  requires  C  =  68-0  ;  H  =  6-9  per  cent. 

The  anilic  acid  instantly  dissolves  in  a  solution  of  sodium 
carbonate. 

A:-Methyl-^-etJnjl-2  :  Q-dihydroxy pyridine. 

On  adding  caustic  soda  solution  to  the  strongly  acid  mother  liquor 
obtained  after  the  filtration  of  the  above  acid  until  the  solution 
showed  only  a  faintly  acid  reaction,  an  oil  was  precipitated  which 
solidified  on  scratching.  It  was  filtered  and,  after  spreading  on  a 
porous  plate,  recrystallised  from  absolute  alcohol,  when  the  above 
pyridine  derivative  was  obtained  in  the  form  of  small  prisms  which 
melted  at  175°. 

0-2210  gave  0-5050  OOo  and  0-1474  H2O.     0  =  62-3  ;  H  =  7-4. 
OgHiiOaN  requires  0  =  62-6  {^  =  12  per  cent. 

Like  the  other  pyridine  derivatives  already  described,  this  compound 
is  both  a  monobasic  acid  and  a  monoacid  base,  the  salts  formed  in  the 
latter  case  being  dissociated  by  water.  It  combines  with  phthalic 
anhydride  forming  a  blue,  fluorescent  phthalein,  and  with  diazotised 
jo-nitroaniline  forming  a  yellow  colouring  matter.  It  gives,  in  alcoholic 
solution,  a  deep  red  coloration  with  ferric  chloride,  and  is  not 
oxidised  on  exposure  to  the  air.  It  reduces  an  ammoniacal  solution 
of  silver  nitrate  on  warming,  forming  a  mirror  of  metallic  silver. 

The  hydrochloride,  OgH;^^02]Sr,HCl,  separates  from  a  solution  of  the 
pyridine  derivative  in  concentrated  hydrochloric  acid  in  the  form  of 
small  prisms  which  dissolve  in  cold  water,  but  the  solution  immediately 
deposits  the  free  base. 

0-2099  gave  0-1585  AgCl.     01=  18-73. 

OsHii02N,H01  requires  01  =  18-9  per  cent. 

The  dihenzoyl  derivative,  OgHg02]Sr(COPh)2,  is  best  formed  by  dissolv- 
ing the  pyridine  derivative  in  dilute  caustic  soda  solution,  and,  after 
adding  excess  of  benzoyl  chloride,  stirring  until  the  odour  of  the 
chloride  is  no  longer  apparent.  The  solid  which  remained  was  recrys- 
tallised from  dilute  alcohol  and  thus  obtained  in  the  form  of  needles 
which  melted  at  87°. 

0-1466  gave  0-3930  OO2  and  0-0710  H2O.     0  =  73-11  ;  H  =  5-38. 
OgoHjjP^lSr  i-equires  0  =  73-1  ;  H  =  5-3  per  cent. 

The  isow'^roso-derivative  {oxime),  OMe<^p,i^,-.TTS  p^^lS  H,  is  pro- 
duced when  a  solution  of  the  dihydroxypyridine  in  caustic  soda  contain- 
ing excess  of  sodium  nitrite  is  poured  into  dilute  acetic  acid.    The  oxime 
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is  not  precipitated  at  once,  but  separates  after  the  solution  has  stood 
for  some  time.  Recrystallised  from  dilute  alcohol,  it  forms  small, 
yellow  prisms  -which  melt  at  95°. 

0-2309  gave  0-4453  CO2  and  0-1195  HgO.     C  =  52-60;  H  =  5-75. 
CgHjQOjNg  requires  C  =  52-7  ;  H  =  5-5  per  cent. 

It  dissolves  in  sodium  carbonate  solution  with  a  magenta-red  colour 
and  gives  in  ntutral  solution  a  deep  green  lake  with  feri^ous  sulphate. 

Transformation    of   a-Methyl-^-ethylglutaconic    Acid    into  i-Metliyl-5- 
ethyl-2  :  ^-dihydroxyjnjridine. 

This  transformation  was  effected  in  the  manner  already  described  in 
the  case  of  the  other  pyridine  derivatives.  The  pure,  well-dried 
ammonium  salt  of  the  acid  was  distilled  under  500  mm.  pressure,  when 
an  oil  passed  over  at  265 — 267°  which  solidified  on  cooling,  and,  when 
recrystallised  from  absolute  alcohol,  formed  small  prisms  melting  at 
175°,  which  were  in  every  way  identical  with  the  4-methyl-5-ethyl- 
2  : 6-dihydroxypyridine  described  above. 

(2)    With  Sulphuric  Acid. 

On  adding  ethyl  a-cyano-/8-methyl-a-ethylglutaconate  to  an  equal 
volume  of  concentrated  sulphuric  acid,  no  appreciable  amount  of  heat 
is  developed,  and  after  allowing  to  stand  for  three  days  the  solution, 
on  pouring  into  water,  gave  an  oil  which,  on  investigation,  proved  to  be 
the  unchanged  ethyl  ester. 

(3)    With  Alcoholic  Potash.      Formation  of  ^-Methyl-'D-ethyl-2  :  6dihydr- 
oxypyridine. 

On  boiling  the  ethyl  salt  with  a  solution  containing  1|  times  the 
calculated  quantity  of  potash  dissolved  in  methyl  alcohol,  only  a  small 
amount  of  ammonia  is  evolved.  The  mixture  was  heated  on  the  water- 
bath  for  four  hours,  when  the  alcohol  was  evaporated  off  and  the 
residu.e,  when  rendered  slightly  acid  with  hydrochloric  acid,  extracted 
by  means  of  ether.  The  ethereal  solution  on  evaporating  gave  a  solid 
residue  which,  on  investigation,  proved  to  be  4-methyl-5-ethyl-2  :  6-di- 
hydroxypyridine melting  at  175°. 

During  the  above  hydrolysis,  it  was  noticed  that  the  odour  of  ethyl 
acetate  was  apparent,  evidently  caused  by  the  partial  decomposition  of 
the  ethyl  ester.  Since,  however,  the  jaeld  of  the  pyridine  derivative 
in  this  experiment  represented  about  70  per  cent,  of  that  theoretically 
possible,  the  quantity  formed  could  not  have  been  very  considerable. 
On  fusing  the  ethyl  salt  with  caustic  potash,  the  quantity  of  ethyl 
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acetate  generated  was  much  larger,  and  although  the  residue  on 
extraction  in  the  manner  already  described  gave  a  quantity  of  the 
pyridine  derivative,  yet  it  was  noticed  that  on  acidifying  the  strong 
caustic  potash  solution  obtained  by  dissolving  the  fused  mass  in  water 
the  odour  of  butyric  acid  was  quite  apparent. 

C ondensatinn  of  Elhyl  Sodiocyanoaceiate  with  EtJiyl  Ethylacetoacetale. 
Formation  of  Ethyl  a-Cyano-^-methyl-y-ethylglutaconate, 
C02Et-CH(CN)-CMe:CEfC02Et. 

In  order  to  effect  this  condensation,  23  grams  of  sodium  were  dis- 
solved in  twelve  times  its  weight  of  alcohol,  mixed  with  113  grams  of 
ethyl  cjanoacetate,  and  158  grams  of  ethyl  ethylacetoacetate  added. 
On  heating  on  the  water-bath,  the  white  sodium  derivative  of  ethyl 
cyanoacetate  slowly  passed  into  solution,  and  was  replaced  by  the 
gelatinous  sodium  compound  of  the  condensation  product.  The  mix- 
ture was  heated  for  three-quarters  of  an  hour,  when  dilute  hydrochloric 
acid  was  added,  and  the  oil  which  separated  extracted  by  means  of 
ether.  The  ethereal  solution,  after  washing  with  water  and  sodium 
carbonate  solution,  was  dried  and  the  ether  evaporated,  when  an  oil 
was  obtained,  which,  on  fractionation  under  diminished  pressure, 
passed  over  as  a  clear,  rather  viscid  liquid  at  163°  (25  mm.). 

0-2128  gave  0-4823  CO.^  and  0-1493  H.O.     C  =  61-81  ;  H  =  7-79. 
CjgHjgO^N  requires  C  =  61-65  ;"  H  =  751  per  cent. 

The  yield  is  about  60  per  cent,  of  that  theoretically  possible. 


Hydrolysis     of     Ethyl     a-C  y  ano-  (3 -methyl  -y  -  ethylglut- 
aconat  e. 

(1)   Willi  Uydrocldoric   Acid.     Formation  of  ^-Metlnjl-y-ethylglutaconic 


The  ethyl  ester  dissolved  slowly  when  boiled  in  a  Geissler  flask  with 
concentrated  hydrochloric  acid,  and  after  heating  on  a  sand-bath  for 
twelve  hours  all  the  oil  had  disappeared.  The  product  on  cooling  deposited 
a  large  quantity  of  crystals,  which,  on  purifying  by  recrystallisation 
from  water,  formed  small  plates  melting  at  164°  with  immediate 
formation  of  the  anhydride. 

0-2157  gave  0-4410  CO2  and  01320  H^O.     0  =  55-76;  H  =  6-79. 
OgHjgO^  requires  0  =  55-8  ;  H  =  7-0  per  cent. 

There  can  be  no  doubt  that  this  acid  is  identical  with  ^-methyl- 
a-ethylglutaconic  acid  prepared  as  previously  described.  Not  only  do 
the  two  acids  crystallise   in  the  same   forms   and   melt  at  the   sam^ 


GLUTACONIC   ACID   AND   OF    2  :  G-DIHYDROXYPYRIDINE.       1713 

temperature,  but  on  mixing  equal  portions  of  the  two,  the  mixture 
melts  at  the  same  temperature  as  either  component. 

Moreover,  the  two  anhydrides  rtiade  from  the  acids  by  means  of 
acetyl  chloride  have  the  same  crystalline  form,  and  both  melt  at  53°, 
and  the  anilic  acids  from  these  anhydrides  are  without  doubt  identical. 

On  distilling  the  ammonium  salt  of  the  acid  it  is  transformed  into 
4-methyl-5-ethyl-2  :  6-dihydroxypyridine  meltiog  at  175°,  which  is  in 
every  way  identical  with  the  dihydroxypyridine  prepared  by  the 
hydrolysis  of  ethyl  a-cyano-y8-methyl-a-ethylglutaconate. 

Just  as  in  the  analogous  hydrolysis  of  ethyl  a-cyano-/3y-dimethyl- 
glutaconate,  the  above  acid  appeared  to  be  the  sole  product  formed  by 
the  hydrolysis,  and  on  rendering  the  filtrate  from  the  acid  nearly 
neutral  with  caustic  soda  no  precipitation  of  the  pyridine  derivative 
took  place. 


(2)  With  Sulphuric  Acid.    Formation  of  Ethyl  ^-Methyl-'i-ethi/l-'l  :  %-di- 
hydroxypyridine-b-carhoxylate,   CMe'\pt',_^ ^-r^OTT^'^'^' 

On  treating  ethyl  a-cyano-^-methyl-y-ethylglutaconate  with  an  equal 
volume  of  concentrated  sulphuric  acid,  considerable  heat  is  developed, 
and  if,  after  the  mixture  has  been  allowed  to  stand  without  cooling 
for  twelve  hours,  it  is  poured  into  water,  the  above  ethyl  ester  separates 
as  a  white,  colourless  precipitate.  Recrystallised  from  absolute  alcohol, 
it  forms  large  needles,  usually  slightly  yellow  in  colour,  which  melt  at 
134°. 

0-1979  gave  0-4269  CO2  and  0-1165  HgO.     0  =  5883  ;  H  =  6-54. 
CiiHjgO^N  requires  C  =  58-6  ;  H  =  6-7  per  cent. 

The  hydrochloride  slowly  separates  from  a  solution  of  the  ethyl  ester 
in  cold  concentrated  hydrochloric  acid  in  the  form  of  small  needles 
which  are  immediately  dissociated  by  cold  water. 

Ethyl  4-methyl-5-ethyl-2  :  6-dihydroxypyridine-5-carboxylate  is  in- 
soluble in  alkaline  carbonates,  but  dissolves  in  caustic  alkalis.  It  gives  a 
transient  reddish-violet  colour  in  alcoholic  solution  with  ferric  chloride, 
and  on  boiling  with  concentrated  hydx-ochloric  acid  is  completely  hydro- 
lysed  to  4-methyl-5-ethyl-2  :  6-dihydroxypyridine. 

(3)  With  Alcoholic  Potash.     Formation  of  i-Met1iyl-5-ethyl-'2  :  6-dihydr- 

oxypyridine. 

The  products  formed  in  the  hydrolysis  of  ethyl  a-cyano-/?-methyl- 
y-ethylglutaconate  with  H  times  the  calculated  quantity  of  potash 
dissolved  in  methyl  alcohol  are  the  same  as  those  formed  in  the  analo- 
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gous  hydrolysis  of  ethyl  a-cyano-^-niethyl-a-ethylglutaconate  already 
described. 

Practically  no  ammonia  is  evolved,  and  on  working  up  the  product 
in  the  usual  way  4-methyl-5-ethyl-2  :  6-dihydroxypyridine  was  alone 
obtained. 

0-2091  gave  0-4825  CO.^  and  0-1332  lip.     0  =  62-93  ;  H  =  7-07. 
CsHj^OoN  requires  C  =  62-7  rH  =  7-2  per  cent. 

The  Victoria  University  of  Manchester. 


CLXV. — Note  on  the  Formation  of  ^-Methylglutaconic 
Acid  and  of  a^-Dimctkylglutaconic  Acid. 

By  Francls  Vernon  Darbishire  and  Jocelyn  Field  Thorpe. 

The  research  of  which  this  note  forms  a  part  has  for  its  object  the 
determination  of  the  conditions  under  which  bromo-derivatives  of 
substituted  glutaric  acids  pass  on  eliminating  hydrogen  bromide  into 
either  (1)  the  corresponding  glutaconic  acid;  (2)  the  corresponding 
trimethylenedicarboxylic  acid ;  (3)  the  corresponding  y-lactone  ethyl 
ester. 

The  conditions  under  which  these  changes  take  place  have  not  as 
yet  been  clearly  defined,  although  in  one  or  two  instances  the  products 
formed  have  been  isolated  and  identified. 

Thus,  Perkin  and  Bowtell  {Proc,  1899,  15,  241)  found  that  by 
eliminating  hydrogen  bromide  from  ethyl  a-bromoglutarate, 

COaEt-CHBr-CHg-CH/COgEt, 
by  means  of  alcoholic  potash  they  obtained  only  the  corresponding  trans- 

CTT'OO  TT 
trimethylene-1  : 2-dicarboxylic  acid,  ^^z'^n^.nQ^^  ^^^  ^^  ^^^^^  ^^ 

either  glutaconic  acid  or  of  the  y-lactone. 

This  question  has  recently  formed  the  subject  of  a  farther  com- 
munication by  Perkin  and  Tattersall  (this  vol.,  p.  361),  in  which 
the  formation  of  ethyl  trimethylenedicarboxylate  from  ethyl  a-bromo- 
glutarate and  diethylaniline  is  described,  thus  placing  beyond  question 
the  formation  of  the  trimethylene  ring  under  both  experimental  con- 
ditions. 

There  would  thus  appear  to  be  a  very  much  greater  tendency  for  a 
compound  of  this  nature  to  pass  into  a  trimethylene  ring  than  into 
either  the  unsaturated  acid  or  the  y-lactone,   but  that  this    is  not 
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always  the  case  is  shown  by  the  work  of  Peikin  and  Thorpe  (Trans., 
1899,  75,  56)  on  the  elimination  of  hydrogen  bromide  from  ethyl 
a-bromo-/3y8-dimethylglutarate,  COaEt-CHBr-CMe./CH.-CO^Et. 

In  this  instance,  the  formation  of  the  corresponding  glutaconic  acid 
is  impossible  owing  to  the  presence  of  the  two  methyl  groups  on  the 
central  carbon  atom,  but  it  was  found  that  under  certain  conditions 
the  trimethylene  ring  was  formed,  and  that  vmder  others  the  y-lactone 
was  the  chief  product. 

Thus  on  boiling  the  hydrogen  ethyl  salt  of  a-bromo-/3/3-dimethylglu- 
taric  acid,  COoH-CHBr'CiMe.^'CHg-CO.^Et,  with  dilute  sodium  carbonate 

solution,  the  lactone  CMe2<^^      .V<r!^^  alone  is  formed,  whereas  on 

PTT'CO  TT 

boiling  it  with  alcoholic  potash,  irrt/<s-caronic  acid,  ^^^^o^J^tt  n/^  tt' 

OU'LUotL 

is  the  chief  product. 

If,  however,  the  normal  ethyl  ester,  CO^Et-CHBr-CMe./CHg-CO^Et, 

is  treated  with  diethylaniline,  a  mixture  of  ethyl  caronate, 

CH-CO,Et 

(^^^)^<6H-C0;Et' 

and  the  lactone  ethyl  ester,  CMe.2<^^,„  Irtr^^'  ^^  formed. 

dig        OU 

The  two  compounds  chosen  in  this  investigation  as  best  calcvilated 
to  attain  the  object  in  view  were  ethyl  a-bi'omo-/3-methyiglutarate, 
CO.Et-CHBr-CHMe-CHg-COoEt,  and  ethyl  a-bromo-a'^-dimethyl- 
glutarate,  COoEt-CHBr-CHMe-CHMe-COoEt;  in  the  first  case,  the 
constitution  of  the  substance  would  cause  one  to  expect  it  to  behave  in 
the  same  way  as  ethyl  a-bromoglutarate,  COoEt'CHBr'CH^,'CH2*C0.2Et, 
and  to  be  converted  entirely  into  the  corresponding  trimethylenedicarb- 
oxylic  acid  on  eliminating  hydrogen  bromide  ;  in  the  second  instance, 
the  presence  of  the  second  methyl  group  might  influence  the  nature  of 
the  products  formed. 

The  experiments  are  not  yet  finished,  but  sulficient  work  has  been 
done  to  indicate  that  a  mixture  of  compounds  is  produced  on  eliminat- 
ing hydrogen  bromide  from  the  two  ethyl  esters  mentioned  above,  both 
by  means  of  dimethylaniline  and  of  alcoholic  potash,  and  that  the 
corresponding  glutaconic  acid  is  in  each  case  formed. 

Thus,  from  ethyl  a-bromo-^-methy]glutarate  on  treatment  with  di- 
ethylaniline^ a  mixture  of  ethyl  esters  is  obtained,  which  on  fractional 
distillation  can  be  separated  into  two  fractions  boiling  at  constant 
temperatures  ;  the  higher  one  consists  probably  of  the  lactone  ethyl 

ester,  CHMe<^„-y-  IruA^^'    '^^'liilst    the    lower    fraction    gives    on 

hydrolysis  a  mixture  of  acids,   from   which    /3-methylglutaconic    acid, 
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CO^H-CHg'CMelCH-COoH,  can  be  isolated  by  methods  described  in  the 
experimental  portion. 

In  the  same  way,  a/?-dimethylglutaconic  acid, 

COoH-CHMe-CMelCH-COoH, 
can  be  isolated  from  the  product  of  the  interaction  of  ethyl  a-bromo- 
a'^-dimethylglutarate  and  diethylaniline. 

The  constitution  of  these  two  acids  is  of  importance  in  connection 
with  the  work  described  in  the  preceding  papers,  and  we  have  there- 
fore decided  to  publish  an  account  of  their  formation,  reserving  a 
description  of  the  other  compounds  formed  for  a  future  communication. 
Ethyl  u-bromo-y8-methylglutarate,  C02Et-CHBr-CH./CH2-C02Et,  was 
prepared  from  /Smethylglutaric  anhydride  by  the  usual  methods. 

/3-Methylglutaric  acid,  from  which  this  anhydride  was  produced,  can 
be  obtained  in  large  quantities  by  the  method  indicated  by  Thorpe  and 
Young  (Trans.,  1903,  83,  350),  namely,  by  the  condensation  of  ethyl 
)8-methylacrylate  with  ethyl  sodiocyanoacetate  ;  the  product,  which  con- 
sists for  the  most  part  of  an  acid  ethyl  ester,  can  be  readily  hydro- 
lysed  to  the  corresponding  acid. 

In  the  same  way,  a/ii-dimethylglutaric  acid  was  prepared,  only  in  this 
case  the  sodium  compound  of  the  condensation  product  was  treated 
directly  with  methyl  iodide  (loc.  cit.). 


Experimental. 

Foi'mation  of  Etli.yl  a-Cyano-fi-melhylglutarate, 
C02EfCH(CN)-CHMe-CH2-C02Et. 

Ethyl  cyanoacetate  (113  grams)  was  added  to  the  equivalent  quan- 
tity (1  mol.)  of  sodium  dissolved  in  alcohol,  mixed  with  114  grams  of 
ethyl  ;8-methylacrylate,  and  heated  on  the  water-bath  for  twenty-four 
hours.  Water  was  then  added,  and  the  oil  which  separated  extracted 
by  means  of  ether.  On  shaking  the  ethereal  solution  thus  obtained 
with  aqueous  sodium  carbonate,  a  considerable  amount  of  oil,  consisting 
of  the  hydrogen  ethyl  ester,  is  extracted,  whilst  the  normal  ethyl  ester, 
which  is  formed  in  quantities  depending  on  the  length  of  heating, 
remains  in  the  ether  and  can  be  obtained  on  evaporation. 

The  hydrogen  ethyl  ester  is  precipitated  as  an  oil  on  acidifying  the 
sodium  carbonate  extract ;  it  was  extracted  by  means  of  ether,  and 
without  further  purification  converted  into  the  normal  ethyl  ester  by 
mixing  it  with  three  times  its  volume  of  alcohol  and  an  equal  volume 
of  concentrated  sulphuric  acid  and  heating  on  the  water-bath  for 
three  hours.  The  mixture  was  then  poured  into  water  and  extracted 
with  ether,  the  ethereal  solution  being  washed  with  aqueous  sodium 
carbonate  in  order  to  separate  any  unesterified  hydrogen  ethyl  ester. 
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The  two  specimens  of  noi^mal  ethyl  ester,  representing  about  60  per 
cent,  of  the  theoretical  quantity,  were  then  mixed  together  and 
fractionated  under  diminished  pressure. 

Ethyl  a-cyano-;8-methylglutarate  is  a  colourless  oil  boiling  at  190° 
(25  ram.). 

0-2173  gave  0-4605  CO2  and  0-1427  H^O.     0  =  57-79  ;  H  =  7-9. 
C^iHj^O^N  requires  0  =  58-1  ;  H  =  7-5  per  cent. 

Hydrolysis  of  Etli])l  a-Cyano-^-methylglutarate.  Formation  of  ^-Methyl- 
glutaric  Acid,  OOaH-OHg-CHMe-CHg-COaH. 

In  order  to  prevent  the  formation  of  the  imide,  a  substance  which, 
as  previously  mentioned  (Trans.,  1899,  75,  48),  is  difficult  tohydrolyse, 
the  ethyl  ester  was  hydrolysed  by  means  of  dilute  sulphuric  acid. 
Equal  volumes  of  the  ethyl  ester  and  concentrated  sulphuric  acid  were 
mixed  together  and  water  added  until  the  oil  which  was  first  precipitated 
no  longer  dissolved,  the  mixture  being  then  heated  until  a  test  portion 
was  completely  soluble  in  water,  a  process  which  usually  took  about 
twelve  hours.  Orystals  of  /3-methylglutaric  acid  usually  separated 
from  the  hydrolysed  mixture  on  cooling,  but  these  were  not  isolated, 
the  whole  of  the  acid  being  extracted  by  means  of  ether  after  the 
solution  had  been  saturated  with  ammonium  sulphate. 

The  acid  thus  obtained  was  generally  converted  into  the  anhydride 
without  further  purification,  but  in  order  to  be  certain  as  to  the  nature 
of  the  product  a  small  quantity  was  purified  by  recrystallisation  from 
concentrated  hydrochloric  acid  and  analysed. 

/3-Methylglutaric  acid  formed  in  this  way  is  identical  with  the  acid 
prepared  by  Auwers  {Ber.,  1891,  24,  308) ;  it  meks  at  86°. 

0-2012  gave  0-3625  OO2  and  0-1218  H,0.     0  =  49-13  ;  H  =  6-72. 
OgH^gO^  requires  0  =  49  3  ;  H  =  6-9  per  cent. 

Formation  of   ^-Methylglutaric  Anhydride,  0HMe<SiS-2'^J^>0. 

/3-Methylglutaric  acid  is  converted  into  its  anhydride  on  distillation, 
but  in  dealing  with  large  quantities  the  following  method  was  found 
more  convenient.  The  crude  acid  was  mixed  with  twice  its  volume  of 
acetic  anhydride  and  heated  on  the  saud-bath  for  six  hours ;  the  pro- 
duct was  then  distilled  under  the  ordinary  pressure  until  most  of  the 
acetic  anhydride  and  acetic  acid  had  passed  over,  when  the  residue  was 
subjected  to  distillation  under  diminished  pressure.  The  anhydride 
passed  over  as  a  clear,  colourless  liquid  at  180 — 182°  (25  mm.),  which 
on  cooling  solidified  to  a  hard,  crystalline  cake.     Eecrystalliscd  from 
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carbon  disulphide  it  is  obtained  in  the  form  of  colourless  prisms  which 
melt  at  46° ;  it  is  in  every  way  identical  with  the  compound  prepared 
by  Kommenos  {Annalen,  1883,  218,  150). 

Formation  of  Ethyl  a-Bromo-jB-methylglutarate, 


In  order  to  prepare  this  substance,  30  grams  of  the  anhydride  were 
mixed  with  100  grams  of  phosphorus  pentabromide  and  warmed  on 
the  water-bath  until  complete  solution  had  been  effected,  40  grams  of 
bromine  were  then  added  and  the  whole  gently  warmed  until  the 
colour  of  the  bromine  had  completely  disappeared.  This  process 
requires  about  five  hours.  The  product  was  then  poured  into  well- 
cooled  absolute  alcohol  and  the  solution  allowed  to  stand  for  one  hour, 
when  water  was  added  and  the  oil  which  separated  extracted  with 
ether.  The  ethereal  solution  was  then  washed  with  aqueous  sodium 
carbonate  in  order  to  separate  any  acid  ethyl  ester,  which  in  the  case 
of  the  bromiuation  of  ^/3-dimethylglutaric  anhydride  by  similar 
means  occurred  in  considerable  quantities.  The  sodium  carbonate 
extract  in  this  case,  however,  gave,  on  acidifying,  no  deposition  of  oil, 
and  therefore  no  acid  ethyl  ester  could  have  been  formed  under  the 
experimental  conditions.  The  washed  ethereal  solution  gave  on 
evaporation  a  large  quantity  of  the  normal  ethyl  bromo-esLer,  which 
was  purified  by  distillation  under  diminished  pressure ;  it  is  a  mobile 
oil  boiling  at  165—168°  (25  mm.). 


0-1796  gave  0-1212  AgBr.     Br  =  28-21. 
C^oH^^O^Br  requires  Br  =  21 


28-46  per  cent. 

Eliminatio  of  Hydrohromic  Acid  from  Ethyl  a-Bromo-jB-methyl- 
glutarate  by  means  of  Diethylaniline.  Formation  of  (3-Methyl- 
glutaconic  Acid,  COgH-CHa'CMelCH-COgH. 

Thirty  grams  of  the  ethyl  bromo-ester  were  mixed  with  45  grams  of 
freshly-distilled  diethylaniline  and  boiled  on  the  sand-bath  for  four 
hours.  The  liquid  was  then  poured  into  dilute  hydrochloric  acid,  and 
the  oil  which  separated  extracted  with  dilute  hydrochloric  acid  in 
order  to  remove  the  last  traces  of  diethylaniline.  The  oil  which  was 
obtained  on  evaporating  the  ether  was  then  distilled  under  diminished 
pressure  and  thus  divided  into  two  chief  fractions,  which  were  sub- 
sequently fractionally  distilled  under  the  ordinary  pressure,  and  in  this 
way  two  ethyl  esters  were  isolated,  one  boi  ing  at  269 — 272°,  which 
gave  on  analysis  numbers  corresponding  with  the  lactone  ethyl  ester  : 

0-1937  gave  0-3955  COg  and  0-1190  HgO.     C  =  55-69  ^  H  =  6-83. 
Ogfljg^i  requires  C  =  55-8  ;  H  =  7*0  per  cent. ; 
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the  other  boiling  at  240 — 243°  and  giving  numbers  corresponding  with 
the  formula  C^qH^^O^  : 

0-2001  gave  04419  CO^  and  0-1408  HgO.     C  =  60-21  ;  H  =  7-81. 
Cj^gH^gO^  requires  C  =  60-0  ;  H  =  8-0  per  cent. 

The  nature  of  the  first  ethyl  ester  will  be  dealt  with  in  a  future 
communication,  whereas  the  second,  which  is  evidently  a  mixture  of 
two  or  more  compounds  of  the  same  empirical  formula,  gives,  on 
hydrolysis  with  either  alcoholic  potash  or  hydrochloric  acid,  a  gummy 
acid  which  does  not  become  solid  after  standing  for  many  days.  It 
was  therefore  dissolved  in  hydrochloric  acid,  and  the  solution  thus 
obtained,  after  being  touched  with  a  crystal  of  /3-methylglutaconic  acid 
produced  in  the  manner  described  in  the  previous  paper,  allowed  to 
stand  for  some  time.  Crystals  slowly  separated,  and  after  the  solution 
had  stood  for  some  days  about  three  grams  were  obtained  on  filtra- 
tion. 

The  acid  was  purified  by  recrystallisation  from  a  little  water,  and 
proved  to  be  identical  with  /5-methylglutaconic  acid  obtained  in  the 
manner  described  in  the  previous  paper.  The  pure  acid  melted  at 
149°. 

0-2199  gave  0-4042  COo  and  0-1073  Hp.     C  =  50-13;  H  =  5-42. 
CyHgO^  requires  C  =  50-0  ;  H  =  56  per  cent. 

yS-Methylglutaconic  acid  prepared  in  this  way  was  further  identified 
with  the  acid  from  ethyl  sodiocyanoacetate  arid  ethyl  acetoacetate  by 
the  fact  that  with  acetyl  chloride  it  gave  an  anhydride  melting  at  86°, 
and  that  the  ammonium  salt  of  the  acid  on  distillation  gave  4-methyI- 
2  :  6-dihydroxypyridine  melting  at  194°.  The  acid  instantly  decolorises 
permanganate  in  alkaline  solution. 

Formation  of  Ethyl  a-C y ana- a^- dimethyl glutarate  and  its  Hydrolysis  to 
aP-Dimethylglutaric  Acid,  COoH-CHMe-CHMe-CHo-CO^H. 

The  method  employed  in  preparing  ethyl  a-cyano-a^-dimethyl- 
glutarate  was  precisely  the  same  as  that  described  by  Thorpe  and 
Young  (Trans.,  1903,  83,  355),  but  since  it  was  unnecessary  for  the 
purposes  of  the  experiment  to  prepare  the  acid  in  its  cis-  and  trans- 
forms,  the  ethyl  ester  was  directly  hydrolysed  by  means  of  dilute 
sulphuric  acid.  This  operation  is  best  effected  by  first  mixing  the  oil 
with  an  equal  volume  of  concentrated  sulphuric  acid,  allowing  the 
mixture  to  become  as  hot  as  it  will ;  water  is  then  added  until  oily 
drops  begin  to  separate,  when  the  whole  is  heated  on  the  sand-bath 
until  a  test  portion  is  completely  soluble  iu  water.  The  hydrolysed 
solution  is  then  saturated   with  ammonium   sulphate  and  thoroughly 
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extracted  with  ether.  The  acid  extracted  in  this  way  was  then,  with- 
out further  purification,  converted  into  the  anhydride.  For  this 
purpose,  it  was  mixed  with  an  equal  volume  of  acetic  anhydride  and 
boiled  on  the  sand-bath  for  six  hours,  the  product  being  freed  as  far  as 
possible  from  acetic  anhydride  and  acetic  acid  by  distillation  under 
the  ordinary  pressure,  the  residue  being  subsequently  fractionated  under 
diminished  pressure.  By  these  means,  a  large  quantity  of  the  pure 
anhydride  can  be  conveniently  and  quickly  prepared. 


Formation  of  Ethyl  a- Bromo-a  fi-dimethylglutarate, 
CC^Et-CHBr-CHMe-CHMe-COgEt. 

Thirty-three  grams  of  the  anhydride  were  mixed  with  100  grams  of 
phosphorus  pentabromide  and  heated  on  the  water-bath  until  dissolved, 
when  40  grams  of  bromine  were  added  and  the  heating  continued  until 
the  bromine  had  all  been  absorbed,  the  cooled  mixture  being  then 
slowly  poured  into  well- cooled  absolute  alcohol.  Water  was  then 
added  and  the  oil  which  separated  extracted  with  ether,  the  ether 
washed,  dried,  and  distilled  off.  The  oil  which  remained  was  then 
fractionated  under  diminished  pressure,  and  the  main  fraction  boiling 
at  160—163°  (25  mm.)  was  analysed. 


0-2177  gave  0-1379  AgBr.     Br  =  27-01. 

CiiHjgO^Br  requires  Br  =  27-11 


per  cent. 


Action   of   Diethylaniline    on  a-Bromo-a! fi-dimethylglutarate.      Forma- 
tion of  aji-Dimethylglutaconic  Acid,  COgH-CHMe-CMelOH-COgH. 

The  purified  ethyl  bromo-ester  was  mixed  with  \h  times  its  weight 
of  freshly-distilled  diethylaniline  and  the  mixture  heated  on  the 
sand-bath  for  four  hours  ;  dilute  hydrochloric  acid  was  then  added  to 
the  cooled  product  and  the  whole  extracted  with  ether.  The  residue 
obtained  on  evaporating  the  ether,  when  fractionally  distilled  under 
diminished  pressure,  gave  two  chief  fractions  which  were  subsequently 
further  purified  by  distillation  under  the  ordinary  pressure.  In  this  way 
two  ethyl  esters  were  isolated,  one,  which  is  evidently  the  lactone  ethyl 

ester,    having    the    formula    CHMe<C^p-rTlr  J.pr\^0    and    boiling    at 

265—266°  : 

0-1972  gave  0-4173  CO,  and  0-1315  II f).     C  =  57-71 ;  H  =  7-4. 
CgH^^O^  i-equires  C  =  58-0  ;  H  —  7  5  per  cent. ; 

and  the  other   boiling  at   239 — 240°,  giving   numbers  corresponding 
with  the  formula  C^^H-^gO^  : 
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0-2102  gave  0-4741  CO.,  and  0-1570  H2O.     0  =  61-51 ;  H  =  8-29. 
CjjH^gO^  requires  0  =  61-7;  H  =  8-4  per  cent. 

The  more  volatile  fraction  was  hydrolysed  by  boiling  with  concen- 
trated hydrochloric  acid  until  all  the  oil  had  completely  dissolved, 
when,  on  cooling,  a  considerable  quantity  of  crystals  separated,  which 
after  recrystallisation  from  water  melted  at  145° 

0-2218  gave  0-4312  OO2  and  0-1239  H2O.     0  =  53-02;  H  =  6-20. 
0■.H■^QO^  requires  0  =  53-2  ;  H  =  6-3  per  cent. 

The  acid  gives  a  liquid  anhydride,  and  an  anilic  acid  melting  at 
139°  ;  it  instantly  decolorises  permanganate  in  alkaline  solution,  and  is 
in  every  way  identical  with  the  acid  prepared  by  the  method  described 
in  the  preceding  paper.  This  acid  is  formed  in  much  larger  quanti- 
ties than  the  corresponding  /i-methylglutaconic  acid,  and  so  far  as 
the  experiments  have  as  yet  gone,  it  does  not  appear  as  if  the  tri- 
methylene  ring  is  produced  in    any  quantities  under  these  conditions. 

Much  of  the  expense  entailed  by  this  research  has  been  met  by  a 
grant  from  the  Government  Grant  Oommittee  of  the  Royal  Society^ 
for  which  we  desire  to  express  our  indebtedness. 

The  Victoria  University  of  Manchester. 


CLXVI. — The  Stereoisomerism  of  Substituted  Ammonium 
Comijounds. 

By  Humphrey  Owen  Jones. 

In  discussing  the  present  state  0^  our  knowledge  of  the  stereo- 
isomerism of  quinquevalent  nitrogen  compounds  (Trans.,  1903,  83, 
1400;  B.A.  Report,  1904,  188),  the  author  has  laid  considerable  stress 
on  the  impossibility  of  giving  a  consistent  explanation  of  the  pheno- 
mena obsei-ved  on  the  basis  of  existing  theories  of  the  structure  of 
compounds ;  it  must  be  remembered,  however,  that  these  theories 
have  been  developed  chiefly  for  carbon  compounds.  Subsequent  events 
have  accentuated  this  difficulty.     Briefly  the  facts  are  as  follows : 

Isomerides  of  substituted  ammonium  compounds  of  the  type  NagbX 
were  said  to  exist  in  a  few  cases.     Recently,  however,  Le  Bel  {Journ. 
Chim.  Phys.,   1904,   2,   340)  has  decided  that  the  cases  observed  by 
him  are  simply  due  to   dimorphism  :  a   view  which  has  always  bee 
advocated  by  the  writer.     The  other  cases  of  isomerism  observed 
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Kipping  in  salts  of  hydrindamine  with  some  optically  active  acids 
have  been  shown  (Trans.,  1905,  87,  628)  to  be  due  to  the  existence 
of  isomerides  of  the  acid.  So  that  isomerism  is  entirely  absent  in  this 
class. 

No  isomerides  of  compounds  of  the  type  Na^bcX  can  be  prepared, 
except  in  the  case  observed  by  Aschan,  where  two  nitrogen  atoms  are 
each  members  of  two  rings ;  here  the  isomerism  may  really  be  referred 
to  the  absence  of  free  rotation  (see  Beport,  p.  192). 

Compounds  of  the  type  NabcdX  have  repeatedly  been  shown  to 
exist  in  optically  active  forms  (Pope  and  Peachey,  Trans.,  1899,  75, 
1127;  Jones,  Trans.,  1903,  83,  1418;  1904,  85,  223;  Thomas  and 
Jones,  Proc.  Camb.  Phil.  Soc,  1904,  XII,  33  ;  Wedekind,  Ber.,  1905, 
38,  1838),  which  are  comparatively  stable. 

Wedekind  has  examined  a  large  number  of  compounds  for  the 
isomerism  which  was  expected  on  the  current  views  of  the  spatial 
configuration  of  these  compounds  ;  but  although  it  was  thought  that 
several  cases  of  isomei'ism  had  been  observed,  both  in  compounds  con- 
taining one  nitrogen  atom  and  in  those  containing  two,  with  one 
exception  Wedekind  has  himself  shown  that  these  supposed  isomerides 
are  diffeient  compounds  having  a  different  composition,  and  that  in 
these  cases  the  reaction  between  the  alkyl  iodide  and  tertiary  amine  is 
abnormal  (see  Ber.,  1902,  36,  178;  Ber.,  1905,  38,  436). 

The  sole  exceptions  are  the  well-known  a-  and  y8-phenylbenzyl- 
methylallylammonium  salts.  These  were  prepared  by  Wedekind 
in  1899  {Ber.,  32,  517,  3561),  and  found  to  be  stable  and  not 
mutually  transformable.  Hantzsch  and  Horn  {Ber.,  1902,  35,  883) 
further  examined  these  compounds  and  adduced  evidence  in  favour  of 
their  structural  identity. 

The  increasing  number  of  instances  in  which  it  has  been  found 
impossible  to  prepare  isomerides  makes  it  difiicult  to  form  any  con- 
jecture as  to  the  reason  for  the  existence  of  isomerism  in  this  one  case 
only.  This  difficulty  has  induced  the  writer  to  undertake  an  examina- 
tion of  Wedekind's  y8-compound  in  the  hope  that  a  careful  study  of 
its  properties  and  reactions  compared  with  those  of  the  a-compound 
might  throw  some  light  on  the  nature  and  cause  of  this  isomerism. 

Prejmration  of  fi-Phenylbenzylmethylallylammonium  Iodide. 

Benzylallylaniline  was  prepared  exactly  as  described  by  Wedekind 
{Ber.,  1899,  32,  521);  both  it  and  its  hydrochloride  were  found  to 
have  the  properties  already  ascribed  to  them  by  Wedekind,  and 
analyses  of  the  hydrochloride  corresponded  with  the  formula 
Ci,,Hi7N,HCl. 

The  following  observations  show  tliat  this  compound  is  unsatuiated. 
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In  ethereal  solution,  it  readily  reacts  with  bromine  in  molecular  propor- 
tions to  give  a  viscous  oil  very  sparingly  soluble  in  ether,  and  which 
consequently  separates  ;  an  aqueous  solution  of  its  sulphate  reacts 
rapidly  with  potassium  permanganate  or  bromine  water  in  the  cold, 
and  on  oxidation  with  nitric  acid  gives  formic  acid,  as  stated  by 
Hantzsch  and  Horn.  Further,  this  behaviour  appears  to  be  due  to 
the  allyl  group,  because  on  heating  a  quantity  of  the  pure  base  with 
excess  of  methyl  iodide  in  a  sealed  tube  to  100°  phenyltrimethyl- 
ammonium  iodide  is  produced,  with  benzyl  and  allyl  iodides,  which 
could  be  recognised  easily  by  their  distinctive  odours.  The  product 
was  extracted  with  ether,  and  allyl  iodide  was  isolated  in  sufficient 
quantity  to  recognise  it  by  its  smell  and  boiling  point. 

The  base  and  methyl  iodide  were  mixed  in  molecular  proportions 
and  allowed  to  stand  for  times  varying  from  three  or  four  days  to  a 
month.  The  mixture  set  almost  entirely  to  a  gummy  mass  which 
occasionally  contained  a  few  crystals ;  this  mass  was  dissolved  in 
warm  alcohol  and  ether  added  until  a  slight  turbidity  was  produced  ; 
after  standing,  crystals  were  formed,  the  quantity  of  which  was 
increased  by  the  further  addition  of  ether  until  oily  drops  began  to 
separate,  A  better  yield  was  obtained  on  some  occasions  than  on 
others  (this  is  determined  chiefly  by  the  temperature  and  the  propor- 
tions of  alcohol  and  ether  used)  ;  but  in  all  cases  it  was  better  than 
in  the  experiments  described  by  Hantzsch  and  Horn,  where  the  yield 
was  only  3  per  cent,  of  the  amine  used.  In  one  particular  experi- 
ment, 22  grams  of  benzylallylaniline  yielded  10  grams  of  crystalline 
salt. 

This  salt,  when  once  obtained  crystalline,  readily  crystallised  from  hot 
alcohol,  and  after  one  ciystallisation  melted  at  158 — 160°;  it  is  less 
soluble  in  chloroform  than  the  corresponding  a-compound,  but,  like 
this,  it  partially  dissociates  into  benzyl  iodide  and  tertiai-y  base  when 
dissolved  iu  chloroform ;  these  solutions  smell  strongly  of  benzyl 
iodide. 

Now  this  being  so,  if  the  a-  and  y8-compounds  be  stereoisomerides,  as 
hitherto  supposed,  one  of  them  {j3)  should  be  transformed  into  the 
other  (a)  on  standing  in  chloroform  solution,  since  the  a-compound  is 
formed  by  the  union  of  methylallylaniline  and  benzyl  iodide,  and  it  is 
known  to  crystallise  from  chloroform  unchanged. 

This  transformation  does  not  take  place.  A  chloroform  solution  of 
the  /3-compound,  which  had  been  boiled  -and  allowed  to  stand  for 
a  week  or  more,  deposited  the  unchanged  /3-compound  melting  at 
159 — 160°.  We  must  therefore  accept  one  of  two  alternatives,  either 
methylallylaniline  exists  in  two  different  forms  or  the  two  (a  and  (3) 
compounds  are  structurally  different.  The  first  is  extremely  improb- 
able, since  all  experimental  evidence  is  against  the  existence  of  two 
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forms  of  tervalent  nitrogen  compounds.  Consequently,  it  becomes 
extremely  probable  that  there  is  some  structural  difference  between 
the  a-  and  /^-compounds. 

The  action  of  methyl  iodide  on  the  a-  and /5-compounds  at  100°  was 
then  compared.  The  a-compound  with  excess  of  methyl  iodide  alone  or 
in  alcohol  or  chloroform  solution  yielded  phenyltrimethylammonium 
iodide, benzyl  and  allyl  iodides;  when  only  one  gram-molecule  of  methyl 
iodide  was  used,  a  mixture  of  compounds  appeared  to  be  formed.  The 
^-compound  behaved  similarly  with  excess  of  methyl  iodide,  although 
the  odour  of  allyl  iodide  could  not  be  detected,  but  with  one  gram- 
molecule  of  methyl  iodide  in  chloroform  an  almost  quantitative  yield 
of  phenyltrimethylammonium  iodide  was  obtained.  This  result  at  once 
suggested  that  the  /8-compound  was  really  phenylbenzyldimethyl- 
ammonium  iodide. 

Various  sjaecimens  of  the  compound  were  therefore  puri6ed  and 
analysed.  Yery  meagre  analytical  data  for  this  compound  have  been 
given  previously.  Wedekind  made  one  determination  of  the  per- 
centage of  nitrogen  and  one  of  iodine  in  the  compound ;  the 
iodine  was  weighed  as  silver  iodide.  Hantzsch  and  Horn  give  two 
results  of  iodine  determinations  with  no  details.  The  iodine  could  not 
be  determined  accurately  by  titration,  so  the  compound  was  dissolved 
in  as  little  alcohol  as  possible,  the  solution  diluted  with  hot  water, 
excess  of  silver  nitrate  added,  the  solution  acidified  with  nitric  acid, 
and  the  precipitate  filtered  through  a  Gooch  crucible,  dried,  and 
weighed. 

The  results  obtained  were  as  follows  : 

0-2517  gave  0-4938  CO2  and  0-1237  HgO.  C  =  53-44 ;  H  =  5-46. 

0-2239     „      0-4382  CO2    „    01120  HgO.  0  =  53-37 ;  H  =  5-56. 

0-1334     „      0-2608  CO2    „    0-0641  H.O.  0  =  53-19;  H  =  5-34. 

0-2000     „      0-3912  OO2    „    0-0973  HgO.  0  =  53-35;  H  =  5-40. 
0-5630     „      0-3920  Agl.     1  =  37-6. 
0-5110     „     0-3552  Agl.     1=37-5. 

Wedekind  found  N  =  4-22;  1  =  34-5;  whilst  Hantzsch  and  Horn 
found  1  =  34-8  and  34-52. 

C17H20NI  requires  0  =  55-9;  H  =  5-48;  N  =  3-82;  I  =  348  per  cent. 
O^Xs^I       »         0  =  53-10;  H  =  5-31  ;  N  =  413;  1  =  37-46     „ 

The  determinations  of  the  percentage  of  carbon  and  iodine  are 
crucial  and  prove  that  the  y8-compound  has  not  the  composition  corre- 
sponding to  the  allyl  compound,  but  to  phenylbenzyldimethylammonium 
iodide,  which  has  already  been  described  (Proc.  Camb.  Phil.Soc,  1901, 
XI,  111 ;  Trans.,  1903,  83,  1409).  The  high-  value  obtained  for  the 
carbon  in  most  of  the  analyses  is  possibly  due  to  contamination  with 
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a  little  of  the  a-compound,  which  may  be  produced  in  small  quantities 
at  the  same  time. 

The  identity  of  the  /3-compound  with  phenylbenzyldimethylam- 
monium  iodide  was  established  by  the  following  facts  : 

(1)  The  /8-compound  when  crystallised  several  times  from  alcohol 
crystallises  in  long  prisms  melting  at  163 — 164^.  This  melting  point 
is  practically  identical  with  that  of  pure  phenylbenzyldimethylam- 
monium  iodide  (164 — 164-5°)  and  with  that  of  mixtures  of  the  two 
compounds  in  any  proportions. 

(2)  The  crystalline  form  of  both  compounds  is  the  same. 

(3)  The  bromides  prepared  from  both  compounds  by  the  action  of 
precipitated  silver  bromide  on  alcoholic  solutions  melt  at  104 — 106°, 
and  mixtures  of  the  two  melt  at  the  same  temperature. 

(4)  The  c?-camphorsulphonate  of  the  ^-compound  was  prepared  in 
the  usual  way,  and,  after  crystallising  several  times  from  a  mixture 
of  ethyl  acetate  or  chloroform  and  light  petroleum,  was  found  to  melt 
at  189°,  which  melting  point  was  not  changed  by  admixture  with 
phenylbenzyldimethylammonium  (Z-camphorsulphonate,  which  melts 
at  the  same  temperature. 

The  foregoing  experiments  prove  conclusively  that  the  so-called 
^-phenylbenzylmethylallylammonium  iodide  is  ]j]Lenylbenzyldimethyl- 
ammonium  iodide,  and  the  only  remaining  instance  of  stereoisomerism 
among  substituted  ammonium  compounds  of  the  type  NabcdX,  other 
than  optical  isomerism,  therefore  disappears. 

Hantzsch  and  Horn  (loc.  cit.),  as  previously  stated,  examined  the 
)8-compound  and  adduced  evidence  for  the  presence  of  an  allyl  group 
in  it.  These  chemists  compared  the  reactions  of  the  /^-compounds 
with  those  of  phenylbenzyldimethylammonium  compounds  and  found 
differences  in  every  case,  whereas  it  has  been  shown  above  that  these 
compounds  are  really  identical.  Some  of  their  statements  are  difficult 
to  reconcile  with  the  absence  of  an  allyl  group  in  the  compound, 
therefore  the  reactions  described  by  them  were  re-examined. 

Aqueous  solutions  of  the  chloride  or  nitrate  prepared  from  the 
/S-iodide  by  the  action  of  silver  chloride  or  nitrate  were  used. 

(1)  The  solution  of  the  chloride  gives  a  yellow  precipitate,  probably 
a  perbromide,  on  the  addition  of  bromine  water.  The  a-compound, 
which  is  certainly  an  allyl  compound,  behaves  similarly. 

(2)  The  solutions  of  /S-chloride  do  not  appreciably  decolorise  a 
solution  of  potassium  permanganate  in  the  presence  of  sodium 
carbonate,  even  on  standing  for  several  days  at  the  ordinary  summer 
temperature.  Similar  solutions  prepared  from  the  a-iodide,  however, 
decolorise  permanganate  immediately.  Dilute  aqueous  solutions  of 
the  ;8-iodide  decolorise  permanganate  in  the  same  way  as  other 
substituted  ammoniuui  iodides. 
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(3)  The  solution  of  the  nitrate  was  distilled  with  33  per  cent, 
nitric  acid,  and  the  distillate  examined  for  formic  acid  in  the  manner 
described  by  Hantzsch  and  Horn ;  only  doubtful  indications  of  the 
presence  of  minute  traces  of  formic  acid  were  obtained.  Exactly  the 
same  result  was  obtained  by  using  a  solution  of  the  nitrate  prepared 
from  phenylbenzyldimethylammonivim  iodide,  which,  according  to  the 
above-mentioned  chemists,  gives  no  formic  acid,  whereas  they  assert 
that  the  /^-compound  does. 

The  action  of  bromine  water  is  an  inconclusive  test  for  the  un- 
saturated nature  of  these  compounds,  since  the  a-compound  and  phenyl- 
benzyldimethylammonium  chloride  behave  similarly.  The  action  of 
potassium  permanganate,  which,  according  to  Hantzsch  and  Horn,  is 
decolorised  by  the  a-  and  /3-compounds,  but  not  by  phenylbenzyl- 
dimethylammonium  salts,  is  conclusive  evidence  against  the  presence  of 
an  allyl  group  ;  the  a-  and  |8-compounds  here  behave  quite  differently. 

The  iodine  determinations  made  by  Wedekind  and  by  Hantzsch  and 
Horn  are  therefore  erroneous,  and  the  reactions  described  by  the  last- 
mentioned  chemists  can  only  have  been  given  by  material  contaminated 
with  the  a-compound,  which  is  possibly  produced  in  small  quantity 
and  may  account  for  the  results  on  oxidation,  but  not  for  the  reaction 
with  bromine  water  and  certainly  not  for  the  analyses. 

The  reaction  between  benzylallylaniline  and  methyl  iodide  in  the 
cold  is  therefore  an  abnormal  one,  involving  the  removal  of  allyl  iodide, 
and  is  similar  to  that  already  described  as  taking  place  at  100°,  in 
which  the  benzyl  and  allyl  radicles  are  replaced  by  the  methyl  group. 
This  point  was  further  examined. 

Mixtures  of  8 '8  grams  of  benzylallylaniline  with  5-6  grams  (1  gram- 
molecule)  and  11 '2  grams  (2  gram-molecules)  of  methyl  iodide  respec- 
tively with  a  little  ether  were  allowed  to  stand  for  three  days  in  the  cold. 
The  quaternary  salt  sepax-ated  as  a  gum  from  both,  and  after  washing 
with  ether  this  was  weighed.  The  first  mixture  yielded  6-0  grams  of 
ammonium  salt,  the  second  9-6  grams ;  the  latter  crystallised  much 
more  readily  than  the  former.  The  ethereal  solutions  were  distilled, 
and  from  both  allyl  iodide  was  isolated,  that  from  the  second 
mixture  yielding  the  larger  quantity.  A  large  quantity  of  allyl  iodide 
was  also  isolated  from  the  mother  liquors  left  in  the  preparation  of 
the  )S-compound  on  a  larger  scale. 

The  reaction  between  benzylallylaniline  and  methyl  iodide  in  the 
cold  is  therefore  clearly  expressed  by  the  following  equation  : 

C.H7  CVH7 

CcH^n/  +  2CH3r  =  CeH,-N(CH3)  /  +  C3H,I. 

CoH.  I 
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A  very  small  quantity  of  phenylbenzylmethylallylammonium 
iodide  may  be  produced  at  the  same  time,  but  this  could  not  be  isolated. 
jSTo  action  takes  place  betvveen  allyl  iodide  and  benzylallylaniline  in 
the  cold. 

Y/hat  has  already  been  said  above  proves  conclusively  that  there  is 
only  one  phenylbenzylmethylallylammonium  iodide,  and  thus  the  only 
case  of  supposed  stereoisomerism  among  substituted  ammonium  com 
pounds,  which  has  so  long  puzzled  workers  in  this  field,  is  removed. 
All  the  other  cases  in  which  isomerism  had  been  supposed  to  exist  by 
Wedekind,  he  himself  has  already  explained  away ;  the  supposed 
isomerides  were  produced  by  abnormal  reactions  in  each  case.  With 
the  experience  of  such  a  number  of  abnormal  reactions  before  us  it  is 
clear  that,  in  future,  any  case  of  supposed  isomerism  which  may  be 
observed  must  be  supported  by  exact  analytical  data  and  experimental 
proofs  of  the  structural  identity  of  the  compounds  in  question  before 
it  can  be  accepted  or  even  discussed. 

The  field  has  now  been  so  thoroughly  searched  for  isomerides  that 
we  may  justly  conclude  that  no  such  isomerides  can  be  produced  by 
the  union  of  amines  and  alkyl  iodides,  and  that  the  only  possible  stereo- 
isomerides  are  optical  antimers. 

An  exception  must  be  made,  however,  in  favour  of  the  diammonium 
compounds  of  Aschan  [Zeit.  pht/sikal.  Chem.,  1903,  46,  304)  and 
similar  compounds,  in  which  the  existence  of  isomerism  can  readily  be 
explained  on  any  hypothesis  of  the  formation  and  constitution  of 
ammonium  compounds  (see  B.A.  Report,  1904,  192). 

Tlie  phenomena  observed  by  Wedekind  in  the  formation  of  phenyl- 
methylethylallylammonium  iodide  in  the  three  possible  ways  (Ber., 
1903,  36,  3791),  and  by  the  writer  for  phenylbenzylmethylethyl- 
ammonium  iodide  (Trans.,  1904,  85,  84),  where  the  iodide  when  first 
formed  is  in  some  cases  crystalline  whilst  in  others  it  is  an  amorphous 
gum,  which  separates  in  a  crystalline  form  from  solutions  and  may 
crystallise  on  merely  stirring,  cannot  be  regarded  as  indications  of 
stereoisomerism.  In  these  cases  the  formation  of  a  crystalline  salt  or 
a  gum  depends  very  largely  on  the  purity  of  the  reagents  and  possibly 
on  the  solubility  of  the  salt  in  the  amine  or  alkyl  iodide  and  on  other 
conditions ;  the  same  compound  produced  in  the  same  way  is  some- 
times deposited  crystalline,  at  other  times  as  a  gum,  and  often  as  a 
mixture  of  the  two.  Solvents  also  have  a  great  influence  on  the  state 
of  the  compound  formed.  Similar  phenomena  were  observed  by  the 
writer  in  the  study  of  the  formation  of  compounds  of  the  type 
Na^bcX. 

Altogether  the  observations  referred  to  above  may  be  disregarded 
as  having  no  bearing  on  the  existence  of  stereoisomeric  nitrogen 
compounds  and  as  probably  determined  by  accidental  causes. 
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It  is  now  possible  to  propose  a  theory  of  the  formation  of  quinque- 
valent  nitrogen  compounds  which  is  capable  of  affording  a  consistent 
explanation  of  all  the  known  facts. 

Formation  and  Configuration  of  Quinquevalent    Nitrogen  Compounds. 

The  view  of  the  constitution  of  ammonium  compounds  developed 
by  "Werner,  in  which  nitrogen  is  not  regarded  as  truly  quinquevalent, 
but  as  having  two  "  subsidiary  valencies,"  does  not  afford  a  simple 
explanation  of  the  phenomena  observed.  An  ammonium  salt  is  repre- 
sented thus  :  (J  \^^  T  )X  j  the  alkyl  radicle   d  and  the  acidic  radicle  X 

are  held  by  subsidiary  valencies,  but  d  is  also  associated  with  X  in  a 
different  manner  from  the  other  groups.  The  number  of  isomerides 
predicted  on  this  view  is  practically  the  same  as  that  on  the  "  cubic  " 
configuration  of  van't  Hoff  and  the  "  double  tetrahedron "  con- 
figuration of  AVillgerodt.  These  isomerides  do  not  exist,  so  that  this 
hypothesis  must  be  modified  and  the  association  of  acidic  radicle  with 
one  particular  alkyl  radicle  eliminated  before  it  can  be  considered. 
Even  then  difiiculties  would  arise  in  the  application  of  this  view,  so 
that  it  seems  simpler  at  the  present  time  to  I'egard  ammonium  salts  as 
true  atomic  compounds,  against  which  view  of  their  constitution  no 
sound  objection  can  be  urged. 

Taking  any  of  the  proposed  configurations,  it  is  obvious  at  once  that 
of  the  two  new  valencies  which  are  to  come  into  action  neither  is 
predestined  to  be  the  one  attached  to  the  alkyl  group  or  acidic  radicle, 
since  if  that  were  the  case  we  should  have  only  one  of  the  two  optical 
isomerides  d  and  I  formed,  and  actually  both  are  always  produced  in 
equal  quantities. 

The  hypotheses  of  van't  Hoff  and  of  Willgerodt  have  been  discussed 
previously;  two  isomerides  of  the  type  NugbX,  three  of  the  type 
NagbcX,  and  four  of  the  type  NabcdX  are  predicted  on  both  these 
views.  The  only  way  in  which  the  absence  of  these  expected  isomerides 
can  be  accounted  for  is  by  assuming  that  an  interchange  of  position 
between  alkyl  radicles  takes  place ;  this  is  an  undesirable  assumption 
if  a  simpler  can  be  found. 

Wesdiokindi  {B. A.  Report,  1904,  521)  writes:  "  It  is  certain  that  in 
active  ammonium  compounds  the  tetratomic  radicle  Nabcd,  the  centre 
of  activity,  must  possess  tetrahedric  grouping."  This  assumption 
appears  quite  unnecessary,  since  it  is  admitted  that  the  only  require- 
ment for  activity  is  asymmetry  of  the  molecule,  and  this  asymmetry  is 
present  in  any  arrangement  of  the  groups  in  the  compound  NabcdX, 
provided  all  the  radicles  are  not  in  the  same  plane  with  the  nitrogen 
atom. 


SUBSTITUTED    AMMONIUM    COMPOUNDS.  1729 

There  remains  the  "  pyramidal "  configuration  suggested  by 
Bischoff,  the  most  symmetrical  of  all,  and  the  one  which  predicts  the 
smallest  number  of  isomerides.  This  in  itself  is  in  its  favour.  No 
isomerides  of  the  type  NagbX  should  exist,  whilst  there  should  be  two 
of  the  type  NaobcX  and  three  of  the  type  NabcdX.  None  of  these 
isomerides  cau  be  shown  to  exist,  and,  consequently,  some  modification 
of  this  hypothesis  becomes  necessary. 

The  simplest  explanation  of  the  formation  of  quiuquevalent  nitrogen 
compounds  which  does  not  pi'edict  the  formation  of  isomerides  is  that 
suggested  by  the  writer  (Trans.,  1903,  83,  1403),  and  abandoned  at 
that  time  because  it  did  not  account  for  the  formation  of  the  isomeric 
hydrindamine  salts.  This  view  is  now  adequate  to  explain  all  the 
known  facts. 

All  the  evidence  bearing  on  the  configuration  of  tervalent  nitrogen 
compounds  shows  that  the  groups  in  compounds  of  the  type  Nabc  lie 
in  the  same  plane  as  the  nitrogen  atom  [B.A.  Report,  1904,  170).  This 
is  equivalent  to  saying  that  the  "  valency  directions "  starting  from 
the  nitrogen  atom  point  to  the  angles  of  a  triangle,  or  that  the  three 
"  valency  positions  "  are  situated  at  the  angles  of  the  triangle.  The 
equilibrium  positions  in  substituted  amines  will  depend  on  the  alkyl 
groups  present,  but  when  the  three  radicles  were  identical  the  triangle 
would  be  equilateral. 

When  a  tervalent  compound  combines  with  two  new  radicles,  so  that 
the  nitrogen  atom  becomes  quinquevalent,  this  equilibrium  is  dis- 
turbed and  new  equilibrium  positions  must  be  found,  which  for  any 
four  particular  radicles  must  be  determined  jointly  by  the  forces 
between  these  radicles  and  the  nitrogen  atom  and  the  mutual  forces 
exerted  by  the  radicles  on  one  another  :  consequently,  there  will  be 
some  definite  spatial  arrangement  around  the  nitrogen  atom.  The  fifth 
group,  which  is  always  different  in  character  from  the  other  four  (four 
groups  have  the  so-called  electro-positive  character,  while  the  fifth  is 
electro-negative),  will  always  bear  approximately  the  same  relation  to 
each  of  these  four  groups.  That  is,  it  occupies  the  apex  of  the  pyramid, 
and  it  is  improbable  that  it  should  ever  take  the  place  of  an  alkyl 
group  at  the  base  of  the  pyramid.  The  relative  positions  of  the  four 
alkyl  radicles  at  the  base  of  the  pyramid  is  fixed  by  the  forces  exerted 
by  these  radicles  on  one  another. 

A  change  of  "  valency  direction  "  or  "  valency  position  "  is  there- 
fore assumed  to  take  place,  similar  to  that  which  has  been  shown  to 
take  place  when  sulphur  and  selenium  change  their  valency  from  four 
to  six  (Pope  and  Neville,  Trans.,  1902,  81,  1560).  Such  a  hypothesis 
is  much  more  reasonable  than  the  hypothesis  that  an  interchange  of 
position  between  two  alkyl  radicles  or  between  alkyl  and  acidic  radicle 
takes  place.     The  hypothesis  is  dynamically  sound,  and  will  probably 
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come  as  a  natural  deduction  from  a  theoiy  of  valency,  such  as  that 
sketched  by  Professor  J.  J.  Thomson  on  the  basis  of  the  electrical 
structure  of  the  atom,  when  the  theory  can  be  fully  developed. 

The  process  of  formation  of  an  ammonium  compound  from  an  amine 
might  be  graphically  represented  as  follows,  the  intermediate  stage  in 
the  formation  being  regarded  as  a  very  unstable  compound,  or  merely 
as  a  state  which  arises  when  the  amine  and  alkyl  iodide  first  come 
within  the  sphere  of  each  other's  action. 
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As  previously  stated,  d  and  X  must  be  able  to  take  up  either  of  the 
two  available  valencies,  since  equal  quantities  of  the  d-  and  ^-isomerides 
are  always  produced.  It  is  readily  seen  from  the  above  diagrams 
that,  in  the  two  compounds  produced,  looking  along  the  axis  X-N, 
the  four  groups  are  in  one  case  in  a  right-band  order,  while  in  the 
other  they  are  in  a  left-hand  order,  so  that  the  two  compounds  are 
mirror  images  of  one  another.  The  order  of  the  three  groups  already 
present  in  the  tervalent  nitrogen  compound,  in  this  case  a,  b,  and  c,  is 
not  altered  by  this  change  of  "  valency  position  "  ;  d  is  supposed  to  be 
capable  of  interposing  itself  between  two  of  these  grovips  in  one  of 
the  three  possible  ways  so  as  to  give  the  most  stable  configuration. 

It  is  now  easy  to  see  that  in  the  formation  of  the  compound 
NabcdX  from  Nabc  and  dX,  from  Nabd  and  cX,  or  in  one  of  the  other 
two  possible  ways,  the  same  compound  always  arises,  since  one  paiti- 
cular  arrangement  of  the  four  alkyl  radicles  must  be  more  stable  than 
the  others,  and  equilibrium  would  be  found  in  this  position  during  the 
intramolecular  disturbance  attending  change  of  valency. 

The  proces.-es  may  be  represented  thus,  considering  one  only  of  the 
two  d-  and  ^compounds. 
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Similar  schemes  would  represent  the  formation  of  the  same  com- 
pound by  the  addition  of  aX  or  bX  to  the  other  tertiary  amines. 

It  is  easily  seen  how  no  isomerides  would  arise  in  the  formation  of 
NagbcX  or  NagbX ;  in  the  former  case,  the  compound  would  have  the 
planisymmetric  configuration,  which  may  conveniently  be  represented 
by  the  plane  projection  : 


Similarly,  no  isomerism  arises  in  the  formation  of  compounds  of  the 
type 

N 

/l\ 
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in  different  ways,  even  when  a  and  b  represent  a  ring  such  as  the 
tetrahydroquinoline  ring ;  but  when  free  rotation  of  the  nitrogen 
atoms  about  the  line  joining  them  is  prevented  by  the  formation  of  a 
third  ring,  then  isomerism  would  arise,  as,  for  instance,  in 
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CH,  CH, 


CHo 


OH.  CH,  Br 


/CH2-CH,-CH,v^        , 


)CH.- 


Br  CH,  OH. 


the  compounds  prepared  by  Aschan. 

A  model  has  been  designed  to  illustrate  the  above  hypothesis  of  the 
formation  of  ammonium  salts  from  amines,  in  which  process  a  change 
of  "  valency  position  "  takes  place.  These  models,  which  are  found  to 
be  convenient  for  practical  use,  were  made  by  Messrs.  W.  G.  Pye 
and  Co.,  of  Cambridge.  A  few  remarks,  together  with  the  accompany- 
ing figures,  will  suifice  to  explain  the  working  of  the  model. 

Fig.  1. 


The  nitrogen  atom  is  represented  by  a  large  hollow  sphere,  from  the 
centre  of  which  five  rods  radiate,  which  serve  to  hold  smaller  coloured 
spheres  to  represent  the  various  groups.  Four  of  the  rods  are  fixed 
by  means  of  ball  and  socket  joints,  which  allow  great  freedom  of 
motion,  and  slits  are  cut  in  the  sphere  to  allow  these  rods  to  move 
from  the  double  tetrahedron  position  to  the  pyramid  position. 

Fig.  1  is  a  view  of  the  under-side  of  the  sphere,  and  shows  the 
arrangement  of  the  slits.  Fig.  2  is  a  representation  of  the  inter- 
mediate stage  in  the  formation  of  a  quinquevalent  nitrogen  compound, 
and  Fig.  3  represents  the  same  compound  after  the  rearrangement 
has  taken  place.  Figs.  2  and  3  have  been  drawn  without  changing' 
the  position  of  the  model. 
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Summary. 

1.  The  only  surviving  examples  of  stereoisomerism  among  quinque- 
valent  nitrogen  compounds  of  the  type  NabcdX,  the  a-  and  /3-phenyl- 
benzylmethylallylammonium  compounds  prepared  by  Wedekind,  have 
been  examined,  and  conclusive  proof  is  given  that  the  ^-compound  is 
phenylbenzyldimethylammonium  iodide.  It  is  concluded  that  the 
analyses  of  the  ^-compound  previously  given,  by  Wedekind  and  by 
Hantzsch  and  Horn,  were  incorrect,  and  that  the  reactions  of  the  com- 
pound had  been  incorrectly  described  by  the  last-mentioned  chemists. 


Fig.  2. 


2.  Beczylallylaniline  has  been  shown  to  react  with  methyl  iodide  in 
the  cold  according  to  the  following  equation  : 


aH.-N< 


.C7H, 


+  2CH3l  =  C6H5-N(CH3), 


,<  +  C,H,T, 


and  at  100^  according  to  the  equation  : 

r*  IT 

CgH-N^   '    '+3CH3T  =  CoH,-N(CH3)3l  +  C3H5l  +  CVH-I. 
VOL.    LXXXVII.  5    Y 
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Since,  with  the  exception  of  optical  isomerides,  there  are  no 
isomerides  of  any  quaternary  ammonium  salts  containing  one  nitrogen 
atom,  and  it  is  highly  improbable  that  such  isomerides  will  ever  be 
produced  by  the  union  of  tertiary  amines  and  alkyl  iodides,  a  con- 
sistent explanation  of  all  the  phenomena  exhibited  by  thepe  compounds 
can  now  be  offered.  A  simple  hypothesis  to  explain  the  formation  of 
ammor  iutn  salts  from  amines,  which  assumes  that  a  change  of  the  equili- 
brium positions  called  "  valency  positions "  occupied  by  the  various 
radicles  takes  place,  is  sug^^'ested  and  developed.  According  to  this 
view,  the  three  groups  in  tervalent  niti-ogen  compounds  lie  in  the 
same  plane  with  the  nitrogen  atom,  and  the  quinquevalent  compound 


Fig. 


possesses  the  "  pyramidal "  configuration.  During  the  change  of 
valency,  the  radicles  group  themselves  into  the  most  stable  configura- 
tion, which  is  always  the  same  for  the  same  five  radicles,  and  is  inde- 
pendent of  the  order  in  which  they  are  introduced  into'  the  compound. 
Optical  isomerism  is,  therefore,  the  only  indication  of  the  spatial  con- 
figuration of  the  groups  around  a  nitrogen  atom,  and  the  behaviour  of 
the  asymmetric  cai'bon  and  nitrogen  atoms  is  very  similar.  The 
analogy  between  the,  two  has  been  extended  by  the  writer  {Proc- 
Gamh.  Phil.  Soc,  1904,  XII,  466  ;  Trans.,  1905,  87,  135),  by  Scholtz 
{Ber.,  1904,  37,  3627;  1905,  38,  595),  and  by  Wedekind  (Per.,  1905, 
38,  1843),  by  showing  that  when  an  asymmetric  nitrogen  atom  is 
produced  in  a  compound  containing  an  asymmetric  carbon  atom  two 
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compounds  are  produced  ;  to  make  the  analogy  complete,  it  must  be 
shown  that  the  production  of  two  asymmetric  nitrogen  atoms  gives 
rise  to  four  compounds  enantiomorphously  related  in  pairs ;  this 
expectation  has  not  yet  been  realised  experimentally.  In  the  case 
examined  by  Wedekind,  ethylenedikairolinium  di-iodide  {Ber.,  1903, 
36,  1163),  one  of  the  compounds  should  be  inactive  by  internal  com- 
pensation, like  mesotartaric  acid,  whilst  the  other  should  be  a 
cZ^mixture ;  the  compound  isolated  is  shown  to  be  capable  of  resolution 
into  optically  active  forms  {Ber.,  1905,  38,  1842). 

The  writer  desires  to  express  his  thanks  to  Mr.  F.  H.  Neville, 
F.R.S.,  and  other  friends  for  kindly  criticism  of  this  paper  in 
manuscript  form. 

The  expenses  incurred  in  this  investigation  have  been  defrayed  by 
grants  kindly  made  by  the  Government  Grant  Committee  of  the 
Royal  Society,  for  which  the  wx-iter  is  glad  to  make  this  grateful 
acknowledgment. 

University  Chemical  Laboratory, 
Cambridge. 


Ql^lsNYL— Researches  on  the  Freezing  Points  of  Binary 
Mixtures    of    Organic    Substances:  the   Behaviour 
of    the    Dihydric    Phenols     toivards     -p-Toluidine, 
a-Naphthylamine.,  and  Picric  Acid, 
By  James  Charles  Philip  and  Sydney  Herbert  Smith, 

The  freezing-point  curves  for  mixtures  of  phenol  with  /)-toluidine, 
a-naphthylamine,  and  picric  acid  were  recently  traced  by  one  of  the 
authors  (Philip,  Trans.,  1903,  83,  814),  and  it  was  then  shown  that  a 
definite  compound  was  formed  in  each  case,  containing  the  components 
in  the  molecular  ratio  1:1.  It  seemed  of  interest  to  continue  this 
study  and  to  discover  by  a  similar  method  of  investigation  whether 
dihydi'ic  phenols  combined  with  these  substances  as  readily  as  phenol 
itself,  whether,  as  might  be  expected,  the  presence  of  a  second  hydroxy- 
group  permitted  the  existence  of  two  compounds  containing  the 
dihydric  phenol  and  the  second  constituent  in  the  molecular  ratios 
1  : 1  and  1  : 2  respectively,  and,  if  so,  what  was  the  relative  stability 
of  the  compounds. 

The  experimental  data  recorded  in  this  paper  show  that  of  the  two 
amines  taken  ^j-toluidine  has  the  greater  tendency  to  form  compounds 

5  Y  2 
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with  catechol,  resorcinol,  and  quinol.  Thus,  whilst  |;-toluidine  forms 
two  compounds  with  catechol,  two  with  resorcinol,  and  one  with 
quinol,  it  is  found  that  a-naphthylamine  combines  in  only  one  propor- 
tion with  catechol  and  resorcinol  and  gives  merely  an  indication  of 
its  tendency  to  combine  with  quinol.  Picric  acid,  which  comes  under 
a  different  category,  forms  well-defined  compounds  with  catechol  and 
resorcinol ;  its  decomposing  action  on  quinol  was  too  rapid  to  permit 
of  an  accurate  study  of  the  freezing-point  curve.  The  picrates  of 
catechol  and  resorcinol  are  well  defined  in  the  sense  that  the  branches 
of  the  fi^eezing-point  curve  along  which  separation  of  the  picrates 
takes  place  fall  away  markedly  on  both  sides  of  the  summit,  a  feature 
which  characterises  only  one  or  two  of  the  compounds  formed  by  com- 
bination of  the  dihydric  phenols  with  ^j-toluidine  and  a-naphthyl- 
amine. Further,  the  picrate  of  catechol  is  the  only  case  found  in  the 
present  investigation  in  which  the  freezing  point  of  the  compound  is 
higher  than  the  freezing  points  of  both  components.  The  picrates  of 
catechol  and  resorcinol  each  contain  the  constituents  in  the  molecular 
ratio  1:1,  and  the  freezing-point  curve  gives  no  indication  whatever 
of  a  tendency  to  form  compounds  in  any  other  ratio. 

When  the  three  dihydric  phenols  are  compared,  it  will  be  seen  that 
the  ortho-derivative  is  the  one  which  forms  the  most  stable  compounds, 
to  judge  from  the  character  of  the  intermediate  bi-anches.  Another 
featui-e  which  distinguishes  catechol  from  resorcinol  is  the  greater 
ability  of  the  former  to  combine  with  2  mols.  of  naphthylamine  or 
j9-toluidine.  Whilst  catechol  forms  fairly  well-defined  66'6  per  cent, 
compounds  in  both  cases,  resorcinol  forms  a  compound  of  this  composi- 
tion with  ^j-toluidine  only,  and  the  branch  along  which  its  separation 
takes  place  is  very  short  and  flat.  Quinol  combines  with  j9-toluidine 
and  a-naphthylamine  less  readily  than  either  catechol  or  resorcinol,  the 
only  intermediate  branch  which  reaches  a  summit  being  on  the  freezing- 
point  curve  for  quinol  and  j9-toluidine.  The  freezing-point  curve  for 
mixtures  of  quinol  and  a-naphthylamine  is  interesting  in  that  it 
exhibits  an  intermediate  branch  which  does  not  reach  a  summit,  and  is 
therefore  an  example  of  the  type  26  of  freezing-point  curve  (see 
Philip,  loc.  cit.,  p.  815).  Intermediate  branches  of  this  sort  are  very 
frequent  in  the  freezing-point  curves  for  alloys  (see,  for  example, 
Heycockand  Neville,  Phil.  Trans.,  1900,  A,  194,  201),  but  apparently 
the  only  case  hitherto  discovered  in  the  organic  field  is  that  found  by 
Kurilolf  for  the  system,  picric  acid  +  benzene  {Zeit.  physihal.  Chem.f 
1897,  23,  676).  In  the  latter  case,  the  intermediate  branch  very 
nearly  reaches  the  summit,  whereas  the  intermediate  branch  on  the 
freezing-point  curve  for  mixtures  of  quinol  and  a-naphthylamine  stops 
a  long  way  short  of  the  summit,  as  will  be  clear  from  the  evidence 
submitted  below. 


POINTS  OF   BINARY   MIXTURES   OF   ORGANIC   SUBSTANCES.     "1737 

The  work  recorded  in  this  paper  has  indicated  the  existence  of 
several  compounds  not  hitherto  described.  These  are  given  in  the 
following  list,  the  numbers  in  the  square  brackets  indicating  the 
molecular  ratio  in  which  the  constituents  are  combined. 

Freezing  point. 

Catechol  and  2'-toluidine    [1:1]  50-2°  (corr.  50'4°) 

[1  :  2]  41-4    (    ,,     41-5) 

,,    o-naphthylamine...  [1:2]  4;3-4    (    ,,     43-5) 

Resorcinoland^J-toluidine     [1:1]  31-95  (    ,,     32-0) 

[1  :2]  16-0    (    ,,     16-5  ) 

,,  ,,    o-naphthylaniiue .  [1  :  1]  65'05  (    ,,     65'45  ) 

,,    picric  acid  [1:1]  100-3    (    ,,101-3) 

In  the  case  of  all  compounds  indicated  by  the  freezing-point  curves 
given  on  pp.  1739,  1741,  1746,  1750,  the  summits  are  rounded.  These 
compounds  therefore  dissociate  on  melting,  and  the  greater  the  extent 
of  the  dissociation  the  flatter  is  the  summit  (compare  Lidbury,  Zeit. 
physikal.  Chem.,  1902,  39,  453,  and  Kremann,  Monatsh.,  1904,  25, 
1215). 

Experimental. 

The  method  adopted  for  the  determination  of  the  freezing  points 
was  essentially  that  due  to  Beckmann.  The  apparatus  consisted  of  a 
large  test-tube,  into  which  suitable  quantities  of  the  two  constituents 
were  weighed  out,  sui-rounded  by  a  larger  tube,  the  whole  being  im- 
mersed in  a  bath  of  water  or  glycerine  according  to  the  temperature 
required. 

The  temperature  of  the  bath  was  so  adjusted  that  cooling  of  the 
fused  mixture  usually  proceeded  at  the  rate  of  about  0*5°  per  minute, 
except  in  the  case  of  mixtures  with  freezing  points  above  100°,  when 
a  somewhat  greater  rate  of  cooling  was  allowed.  Surfusion  was  avoided 
as  far  as  possible  by  appropriate  inoculation.  When  the  freezing 
point  was  low  and  the  loss  by  volatilisation  correspondingly  small,  one 
mixture  was  used  for  the  determination  of  two  or  three  points,  the 
composition  being  varied  by  the  addition  of  one  of  the  constituents. 
For  the  mixtures  of  higher  freezing  point,  however,  fresh  quantities 
of  the  constituents  were  taken  for  each  determination, 

Two  thermometers  were  used  in  these  experiments,  one  with  a  range 
from  0°  to  100°,  graduated  in  tenths  of  a  degree,  and  another  with  a 
range  from  0°  to  200°  divided  in  half  degrees.  The  latter  was  used 
for  temperatures  above  80°  Both  of  these  thermometers  are  correct 
to  about  a  tenth  of  a  degree.  The  tempei'atures  given  in  the  tables 
and  curves  are  those  directly  observed. 

The  materials  used  were  distilled  or  recrystallised  until  a  determina- 
tion of  the  freezing  point  showed  them  to  be  pure.  In  this  connection, 
it  is  noteworthy  that  there  is  considerable  discrepancy  in  the  values 
given  for  the  melting  point  of  resorcinol,    Beilstein,  for  example,  gives 
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119°  and  110°.  The  only  justification  for  the  higher  number  appears 
to  be  a  paper  by  Calderon  (Bull.  Soc.  chim.,  1878,  [ii],  29,  234),  who  gives 
the  value  119°.  During  the  course  of  these  experiments,  several  samples 
of  resorcinol  were  used.  After  recrystallisation  from  benzene,  these  all 
gave  a  value  of  109"2°  for  the  melting  point,  or  110*7°  when  the  cor- 
rection for  stem  exposure  was  made.  Repeated  crystallisation  did  not 
alter  this  value.  According  to  the  paper  referred  to  above,  Calderon 
purified  commercial  resorcinol  by  treating  with  a  small  quantity  of 
dilute  caustic  soda,  neutralising  partly  with  hydrochloric  acid,  and 
agitating  with  ether.  The  resorcinol  was  then  obtained  as  a  volumin- 
ous, crystalline  mass.  This  method  was  followed  out,  but  the  crystals 
obtained  melted  as  usual  at  109°,  and  on  recrystallisation  from  benzene 
at  109  •2°.  It  seems  probable,  therefore,  that  the  value  119°  is  due 
to  some  error,  and  that  the  true  melting  point  of  resorcin  is  110-7° 
(corr.). 

Catechol  ivith  p-l^oluidine,  a-Naj:)hthylamine,  and  Picric  Acid. 


Catechol   and 

Picric  Acid 

— The  freezing-point  curve 

for  mixtures 

of    these  two  substances  is 

given  in  Fig. 

lA,  and  the 

experimental 

data  in  Table  I. 

Table  I. 

Molecular 

Weight  of 

Weight  of 

Percentage  of 

percentage  of 

catechol. 

picric  acid. 

picric  acid. 

picric  acid.       Freezing  point. 

10-52 

0-00 

0-0 

0-0 

103-4° 

9-51 

1-51 

13-7 

7-1 

99-7 

10-05 

2-50 

19-9 

10-7 

r97-8 
\9o-35 

7-79 

2-31 

22-9 

12-5 

96-8 

10-63 

4-62 

30-3 

17-3 

/103-0 
\  96-35 

6-62 

3-88 

36-9 

21-9 

108-8 

6-62 

6-24 

48-5 

31-2 

116-5 

4-77 

6-74 

58-6 

40-5 

120-8 

3-24 

6-74 

67-5 

50-0 

122-4 

3-29 

10-49 

76-1 

60-5 

119-8 

2-44 

9-51 

79-6 

65-2 

117-7 

2-01 

10-49 

83-9 

71-5 

112-9 

1-71 

12-01 

87-5 

77-1 

/107-3 
U04-2 

1-09 

12-01 

91-7 

84-1 

ri07-3 
\l04-2 

0-50 

9-51 

95-0 

90-1 

112-8 

0-00 

10-87 

100-0 

100-0 

120-25 

In  this  as  in  all  other  cases,  temperature  is  plotted  against  mole- 
cular percentage.  When  two  points  are  connected  by  a  bracket,  the 
lower  point  is  the  eutectic  temperature  corresponding  to  the  simul- 
taneous separation  of  the  two  substances  represented  by  the  inter- 
secting curves  (see  Philip,  loc.  cit.,  818). 


[ 
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The  curve  obtained  shows  the  existence  of  a  compound  of  1  mol. 
of  catechol  to  1  mol.  of  picric  acid,  with  a  freezing  point  of  122-4° 
(124"1°  corrected).  This  compound  has  previously  been  described  by 
Godike  [Ber.,  1893,  26,  3044)  as  separating  in  orange  needles  and 


A.  Catechol  and  picric  acid. 

B.  Catechol  and  a-naphthylaminc. 
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Molecular  'percentage.     A.  Picric  acid.     B.  a-Kaphthylamine. 
Fig.  1. 


100 


melting  at  122°.  It  will  be  seen  that  this  substance  has  a  higher 
freezing  point  than  either  of  its  constituents.  Eutectics  were 
obtained  at  96-35°  (13-5  per  cent.)  and  at  104-2°  (80-1  per  cent.). 

Catechol  and  a-Najihthylamine. — The  results  obtained  for  these  two 
substances  are  embodied  in  Fig.  1,  Curve  B,  and  in  Table  II. 
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Table  II. 

Moleculai- 

Weight 

Percentage 

percentage 

Weight  of 

of  o-naphthyl- 

of  a-naphth  yl- 

of  a-naphthyl- 

catechol. 

amine. 

amine. 

amine. 

Freezing  point 

11-46 

0-00 

0-0 

0-0 

103-2° 

8-11 

1-92 

19-1 

15-4 

94-0 

8-11 

4-25 

34-4 

28-7 

83-0 

5-40 

4-60 

46-0 

39-6 

71-3 

5-40 

7-01 

56-5 

50-0 

56-3 

5-63 

9-36 

62-4 

56-1 

'45-2 
141-65 

4-45 

9-01 

66-9 

60-9 

42-05 

3-44 

7-53 

68-6 

62-7 

42-7 

3-50 

9-01 

72-0 

66-4 

43-4 

3-29 

13-77 

80-7 

76-3 

40-95 

1-89 

9-28 

83-1 

79-0 

31-3 

1-48 

11-92 

89-0 

86-1 

r38-4 
t  36-95 

1  20 

13-77 

91-9 

89-8 

41-3 

0-00 

10-09 

100-0 

100-0 

48-0 

Evidence  was  obtained  of  a  compound  of  1  mol.  of  catechol  to 
2  mols.  of  a-naphthylamine  with  a  freezing  point  of  43-4°.  Eutectics 
were  obtained  at  41-65°  (58-0  per  cent.)  and  36-95°  (83-8  per  cent.). 

The  chief  chai-acteristic  of  this  curve  is  the  sluggishness  with 
-which  the  compound  separates.  Points  from  0  to  58  per  cent,  and 
from  838  to  100  per  cent,  were  easily  obtained,  but  points  on  the 
branch  corresponding  to  the  compound  were  very  difficult  to  obtain 
(compare  phenol  and  a-naphthylamine,  Philip,  loc.  cit.).  Thus,  when  a 
mixture  of  79  per  cent,  a-naphthylamine  was  cooled  considerably 
below  the  temperature  at  which  the  compound  should  begin  to 
separate,  no  freezing  point  was  obtained  unless  the  liquid  was 
inoculated  with  the  compound.  When,  instead  of  inoculation  with 
the  compound,  a  trace  of  a-naphthylamine  was  added  at  a  lower 
temperature,  a  point  was  obtained  at  31-3°  on  the  continuation  of  the 
branch  starting  from  the  freezing  point  of  a-naphthylamine,  and 
corresponding  to  the  separation  of  that  substance.  Even  after 
suitable  inoculation  of  the  mixtures  from  58-0  to  83-8  per  cent,  with 
a  little  of  the  compound,  surfusion  amounting  to  2°  or  3°  was  generally 
observed.  The  freezing  point  of  the  compound  and  the  eutectic 
temperatures  (where  the  compositions  of  the  sepai-ating  solid  and  the 
mother  liquor  are  the  same)  are  not  affected  by  this  surfusion,  but 
other  points  on  this  branch  of  the  curve  are  probably  low,  owing  to 
the  change  in  composition  in  the  liquid,  due  to  the  large  amount  of 
solid  separated  before  the  maximum  temperature  is  reached.  Solutions 
when  freshly  prepared  have  a  red  colour,  which  rapidly  darkens  on 
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exposure.       This    is    generally    true    for   mixtures    of    the    dihydric 
phenols  and  bases,  such  as  ^^-toluidine  and  a-naphthylamine. 

Catechol  and  ^-Toluidine.— As  will  be  seen  from  Table  III  and 
curve  2B,  the  results  obtained  in  this  case  show  the  existence  of 
two  compounds.  A  compound  of  1  mol.  of  catechol  to  1  mol.  of 
^j-toluidine  is  indicated  by  the  summit  at  50  per  cent.,  and  another  of 
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A.  Guaiacol  and  picric  acid. 

B.  Catechol  and  Tp-toluidinc. 
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1  mol.  of  catechol  to  2  mols.  of  ;>toluidin6  is  indicated  by  the  summit 
at  66 '6  per  cent.  The  freezing  points  of  these  compounds  are 
respectively  50-2°  and  41-4°.  Eutectic  points  were  found  at  the 
following  temperatures  and  compositions  :  49-8°  (46"0  per  cent.),  35'8° 
(52-0  per  cent.),  41-2°  (66-0  per  cent.),  and  32-6°  (83-6  per  cent.). 
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Table  III. 

Molecular 

Weight  of 

Weight  of 

Percentage  of 

percentage  of 

catechol. 

2J-toluidine. 

2)-toluidine. 

2>-toluidine. 

Freezing  po 

10-44 

0-00 

0-0 

0-0 

103-2° 

10-44 

0-71 

6  3 

6-5 

99-4 

10-44 

1-96 

15-8 

16-2 

92-0 

10-44 

3-10 

22-9 

23-4 

85-2 

7-68 

2-88 

27-2 

27-8 

80-2 

19-98 

9  02 

31-1 

31-7 

75-1 

7-68 

4-94 

391 

39-8 

62-65 

12-88 

9  02 

41-2 

41-9 

58-4 

9-39 

7-34 

43-9 

44-5 

/52-4 
\49-8 

6-53 

5-57 

46  0 

*46-7 

/47-75 
\360 

6-53 

6-12 

48-4 

*49-l 

42-0 

6-67 

7-60 

53-3 

53-9 

/36-55 
\.35-8 
/37  8 
\35-8 

5-89 

7-19 

55-0 

55-6 

5-79 

8-47 

59-4 

60-1 

40-2 

4-61 

8-15 

63-9 

64-5 

41-4 

4-93 

9-43 

65-7 

66  3 

41-4 

3-52 

8-15 

69-8 

70-4 

40-5 

3-02 

9-43 

75-7 

76-2 

38-5 

2-16 

8-15 

79-0 

79-5 

1-36 -3 
\32-6 

1-90 

9-43 

83-3 

83-6 

32-6 

1-55 

8-15 

84-0 

84-4 

/33-25 
1.32-7 

1-02 

9-43 

90-3 

90-5 

380 

0-43 

9-43 

95-7 

95-8 

41-2 

0-00 

10-87 

100-0 

100-0 

43-4 

5-21 

4-52 

46-5 

47-1 

49-9 

5-21 

5-08 

49-3 

50-0 

50-2 

5-21 

5-56 

51-6 

52-3 

49-8 

7-45 

8-51 

53-3 

54-0 

49-4 

7-45 

9-27 

55-4 

56-1 

48-6 

7-45 

10-16 

■     57-7 

58-3 

47-6 

5-26 

7-65 

59-3 

59-9 

46-9 

5-26 

8-63 

62-1 

62-8 

44-65 

5-26 

9-48 

64-3 

64-9 

/42-5 
\41-2 

From  a  to  c  and  e  to  /,  the  crystals  which  first  separated  were, 
of  course,  plates,  being  catechol  and  j9-toluidine  respectively,  but  from 
h  to  d  and  c  to  e  white  needles  were  obtained. 

Liquid  mixtures  containing  from  46 — 66  per  cent,  of  ^j-toluidine 
behaved  on  cooling  in  one  of  two  ways.  Generally,  crystals  of  the 
50  per  cent,  compound  were  deposited  at  temperatures  indicated  by  the 
branch  hd  (corresponding  to  the  last  nine  mixtures  of  Table  III),  but 
it  was  possible  also  to  realise  freezing  points  on  the  branch  he, 
corresponding  to  the  separation  of  catechol,  or  on  the  branch  cd, 
corresponding  to  the  separation  of  the  66*6  per  cent,  compound. 

Either  of  these  results  could  be  obtained  by  suitable  inoculation,  as 
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will  be  seen  from  the  following  example.  A  mixture  containing 
54  per  cent.  />-toluidine  was  slowly  cooled  and  was  inoculated  at 
36"5°  with  the  66'6  per  cent,  compound.  The  temperature  fell  to 
36"3°,  then  rose  to  36"55°  and  remained  steady  for  some  minutes. 
Thereafter  it  fell  slowly,  but  on  inoculation  with  a  trace  of  catechol 
the  eutectic  mixture  began  to  separate,  the  temperature  rising  to  35 '8° 
and  remaining  steady  for  some  time.  On  again  melting  up  this 
mixture,  however,  and  inoculating  at  49-5°  with  the  50  per  cent,  com- 
pound, the  temperature  fell  to  49*1°  and  then  rose  to  49'4°,  remaining 
steady  for  several  minutes.  Similar  observations  were  made  by 
Roozeboom  in  his  investigation  of  the  hydrates  of  ferric  chloride 
{Zeii. 'physikal.  Chem.,  1892,  10,  477). 

When  the  curve  becomes  very  steep,  no  definite  stop  in  the  rate  of 
cooling  can  be  observed,  since  the  separation  of  a  small  amount  of 
solid,  and  the  consequent  small  alteration  in  composition  of  the  liquid, 
means  a  considerable  fall  in  the  freezing  point.  In  these  cases  the 
points  could  only  be  obtained  by  careful  observation  of  the  temperature 
at  which  solid  first  began  to  separate.  Such  points  are  marked  in  the 
tables  by  an  asterisk. 

Guaiacol  and  Picric  Acid. — For  the  sake  of  comparison  with  catechol, 
the  behaviour  of  guaiacol  towards  picric  acid  was  studied.  See  Fig.  2 A 
and  Table  IV. 

Table  IV. 


Molecular 

Weight  of 

Weight  of 

Percentage  of 

percentage  of 

guaiacol. 

picric  acid. 

picric  acid. 

picrij  acid. 

Freezing  poiut 

10-84 

0-00 

0-0 

0-0 

28-1° 

10-01 

0-21 

2-1 

1-1 

27-25 

10-01 

0-85 

7-8 

*  4-4 

/41-65 
"   26-55 

11-62 

2-35 

16-8 

9-9 

58-85 

11-62 

5-52 

32-2 

20-4 

74-8 

6-46 

5-19 

44-5 

30-3 

83-0 

6-46 

7-92 

55-1 

39-9 

87-1 

4-07 

7-50 

64-8 

49-9 

87-9 

3-58 

9-99 

73-6 

60-2 

/  86-45 
185-95 

3-43 

10-04 

74-5 

61-3 

86-2 

2-73 

10-05 

78-6 

66-6 

/88-7 

t86-0 

95-9 

2-10 

9-99 

82-7 

72-0 

1-46 

10-51 

87-8 

79-6 

103-2 

0-63 

10-51 

94-4 

90-0 

112-6 

0-00 

11-23 

100-0 

100-0 

120-25 

From  the  figure  it  will  be  seen  that  a  compound  is  formed  of  1  mol. 
of  guaiacol  to  1  mol.  of  picric  acid,  freezing  at  87-9°  (88-6° 
corrected).  The  compound  crystallises  in  yellow  needles,  but  in  the 
molten  state  is  red.  It  has  previously  been  obtained  by  Godike 
{loc.  cit.)  in  orange  needles  melting  at  86°. 
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The  eutectic  points  are  at  SG-SS"^  (2-0  per  cent.)  and  86°  (64-0  per 
cent.). 

Besoi'cinol  tvith  Picric  Acid,  2L-Naphthylamine,  and  ■^-Toluidine. 

Resorcinol  and  Picric  Acid. — The  curve  obtained  is  of  the  ordinary 
type,  showing  a  compound  of  1  mol,  of  picric  acid  to  1  mol.  of  resorcinol, 
with  a  freezing  point  of  100-3°.     See  Fig.  3 A  and  Table  V. 


Table  V. 

Molecular 

eight  of 

Weight  of 

Percentage  of 

percentage  of 

orcinol. 

picric  acid. 

liicric  acid. 

picric  acid. 

Freezing  pc 

9-89 

0-00 

0-0 

0-0 

108-8° 

7-98 

2-04 

20-3 

10-9 

102-1 

7-52 

4-12 

35-4 

20-8 

/95-8 
\93-7 

6-01 

4-88 

44-8 

28-1 

/94-7 

\93-6 

97-9 

6-01 

6-98 

53-7 

35-8 

6-01 

9-57 

61-4 

43-3 

99-65 

4-41 

9-20 

67-6 

50-0 

100-3 

4-41 

10-89 

71-1 

54-2 

99-8 

2-90 

9  02 

75-7 

59-9 

98-9 

2-20 

9-02 

80-4 

66-3 

/96-6 
1.95-15 

1-59 

8-99 

85-0 

73-2 

(97-8 
\95-0 

1-32 

9-02 

87-2 

76-7 

100-8 

0-97 

8-99 

90-2 

81-6 

105-2 

0-53 

10-02 

95-0 

90-1 

112-6 

0-00 

11-12 

100-0 

100  0 

120-25 

point. 


The  eutectic  points  are  at  93-7°  and  95*1°,  corresponding  to  250  and 
70-0  per  cent,  picric  acid  respectively.  The  formation  of  a  compound 
of  resorcinol  and  picric  acid  is  definitely  indicated,  although  Godike 
states  (Ber.,  1893,  26,  3044)  that  no  such  compound  exists. 

The  crystallisation  of  all  mixtures  of  resorcinol  and  picric  acid 
took  place  very  readily  without  inoculation  and  with  only  slight 
surfusion. 

Resorcinol  and  a-Naphthylamine. — Whereas  catechol  and  a-naphthyl- 
amine  form  a  compound  in  the  molecular  ratio  1  :  2,  the  freezing  point 
curve  for  mixtures  of  resorcinol  and  a-naphthylamine  indicates  the 
existence  of  a  compound  containing  the  constituents  in  the  molecular 
ratio  1:1,  This  is  evident  by  a  consideration  of  Fig.  3B  and 
Table  \  I. 
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Table  VI. 

Molecular 

Weight  of 

Percentage  of 

percentage  of 

Weight  of 

a-naphthyl- 

a-naphthyl- 

a-naphthyl- 

resorciuol. 

amine. 

amine. 

amine. 

Freezing  point 

10-58 

0-00 

0-0 

0-0 

108-8" 

8-09 

2-02 

20-0 

16-1 

98-2 

8-09 

4-02 

33-2 

27-7 

88-5 

5-67 

4-46 

44-1 

37-7 

77-5 

7-70 

6-46 

45-6 

39-2 

75-25 

5-97 

6-46 

52-0 

45-4 

/67-1 
\^65-05 

6-13 

7-97 

56-6 

50-0 

65  05 

3-93 

7-85 

66-6 

60-6 

62-6 

3-93 

12-22 

75-7 

70-5 

56-3 

2-19 

9-82 

81-7 

77-5 

48-8 

2-01 

13-09 

86-7 

*83-3 

/41-0 
\38-0 

1-11 

8-98 

89-0 

86-2 

/38-6 
\.38-2 

0-76 

9-88 

92-9 

90-9 

42-1 

0-00 

11-87 

100-0 

100-0 

48-1 

The  compound  has  a  freezing  point  of  65-05°,  and  the  eutectic 
points  are  at  65*05°  and  38-2°.  The  eutectic  mixtures  contain  47*5 
and  85*0  per  cent,  of  a-naphthylamine  respectively.  The  summit  is 
very  flat,  and  practically  no  diiierence  could  be  detected  between 
the  eutectic  temperature  at  47  5  per  cent,  and  the  freezing  point 
of  the  compound  itself.  The  solutions,  red  when  freshly  prepared, 
rapidly  darkened  owing  to  slight  decomposition.  In  view  of  this, 
fresh  mixtures  were  made  up  for  each  determination.  Crystallisa- 
tion took  place  less  sluggishly  than  in  the  case  of  catechol  and  a-naph- 
thylamine, to  which  reference  has  already  been  made. 

Resorcinol  and  -p-Toluidine. — The  freezing  point  curve  for  these  two 
substances  resembles  that  for  catechol  and  ^-toluidine  in  that  there 
are  two  intermediate  branches.     See  Fig.  30  and  Table  VII. 


Table  VII. 

Molecular 

Weight  of 

Weight  of 

Percentage  of 

percentage  of 

resorcinol. 

^j-toluidine. 

2)-toluidine. 

^^-toluidine. 

Freezing  point 

10 

04 

0-00 

0  0 

0-0 

1087° 

8 

6Q 

1-54 

15-1 

15-4 

97 -S 

7 

03 

2-98 

29-8 

30-4 

80-9 

5 

95 

4-07 

40-6 

*  41-3 

56—57 

6 

93 

5-56 

44-5 

45-2 

t30S 

5 

34 

4-67 

46-6 

47-3 

31-6 

5 

09 

4-96 

49-4 

50-0 

31-95 

5 

34 

6-43 

54-7 

55-3 

30-05 

4 

13 

6-07 

59-5 

60-2 

26-4 

3 

79 

6-51 

63-2 

63-8 

22-15 

3 

47 

6-55 

65-4 
t  Eutectic  only 

66-0 

fis-i 

\l6-4 
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Table  YII.  {continued). 


Weight  ot 
resorcinol. 


3-30 
3-15 

2-88 
2-85 

3-32 

2-99 
1-56 
0-00 


Weight  of 
j>j-toliiidine. 

6-61 

6-70 

6-85 

7-12 

7-15 


8-57 


S'f.7 
10-98 


Percentage  of 
ju-toluidine. 
66-1 
67-0 
68-5 
71-2 
71-5 

73-2 

74-1 

84-6 

100-0 


Molecular 
percentage  of 
^-toluidine. 

66-7 

67-6 

69-1 

71-8 

72-1 


74-6 
84-9 
100-0 


Freezing  point. 
16-4 
16-5 
16-2 
12-45 
15-4 
/17-2 
U5-0 
19-2 
32-9 
43-3 


A.  Resorcinol  and  picric  acid. 

B.  Resorcinol  and  a-imphthylamine. 

C.  Resorcinol  and  -p-ioluidine. 
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Molecular  percentage.     A.  Picric  acid.     B.  a-Naphthylaminc.     C.  T^-Toluidinc. 
Fig.  3. 
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The  compound  containing  1  mol.  of  each  constituent  separated  as 
long,  well-defined  crystals  of  hexagonal  shape,  which,  under  suitable 
conditions,  grew  to  a  considerable  size  (one  inch  or  more)..  Some  of 
these  crystals,  drained  from  the  molten  liquid  and  dried  between  filter 
paper,  melted  at  32 — 32'1°  in  good  agreement  with  the  highest  point 
(31  95°  =  32°  corrected)  on  the  corresponding  branch  of  the  curve. 
This  branch  intersects  at  66*5  per  cent,  a  shorter  branch,  with  a 
maximum  at  16  5°,  the  latter  indicating  the  existence  of  a  compound 
of  1  mol,  of  resorcinol  to  2  mols.  of  y>toluidine.  This  compound, 
which  formed  colourless  plates,  crystallised  very  sluggishly  indeed, 
and  it  was  impossible  to  avoid  surfusion  even  by  inoculation.  The 
subsequent  rise  in  temperature  when  the  compound  started  crystallis- 
ing was  very  slow  indeed.  By  inoculating  a  7 18  per  cent,  mixture 
with  p-toluidine  instead  of  with  the  666  per  cent,  compound,  a  freez- 
ing point  at  12-45°  on  the  ^>toluidine  branch  of  the  curve  was 
obtained.  The  branch  with  its  summit  at  66-6  per  cent,  is  exceed- 
ingly flat  and,  as  in  the  case  of  3B,  practically  no  difference  could 
be  detected  between  the  eutectic  temperature  to  the  left  of  the  summit 
and  the  freezing  temperature  of  the  compound  itself. 

Owing  to  the  steepness  of  the  curve  from  40  to  46  per  cent.,  it 
was  impossible  to  get  any  stop  at  all  in  the  rate  of  cooling  when  solid 
began  to  separate;  for  example,  at  41*25  per  cent.,  the  amount  of 
solid  separating  gradually  increased  without  any  slowing  in  the  rate 
of  cooling,  and  it  was  only  possible  to  estimate  that  the  freezing  point 
lay  between  56°  and  57°,  whilst  at  45-2  per  cent,  no  indication  of  the 
freezing  point  could  be  obtained,  but  by  further  cooling  the  eutectic 
tempei'ature  at  30 '8°  was  reached. 

The  eutectic  points  are  at  30-8°  (46*0  per  cent.),  16-4°  (66-5  per 
cent.),  and  15°  (72-8  per  cent.). 

Quinol  loith  Picric  Acid,  a-Najjhthylamine,  and  -p-Toluidine. 

Quinol  and  Picric  Acid. — Owing  to  the  high  temperature  of  the 
freezing  points  of  mixtures  of  these  substances  and  to  the  fact  that 
one  of  them  is  a  strong  oxidiser  and  the  other  easily  oxidisable,  the 
mixtures  underwent  partial  decomposition  on  melting.  On  repeated 
determination  of  the  freezing  point  of  one  of  these  mixtures,  it  was 
found  to  fall  rapidly ;  it  was  therefore  impossible  to  follow  out  the 
freezing-point  curve  with  any  degree  of  accuracy.  Godike  states  that 
no  compound  of  the  above  substances  exists. 

Quinol  and  ^-7'oluidine. — Unlike  catechol  and  resorcinol,  quinol 
appears  to  form  only  one  compound  with  jo-toluidine,  and  that  has  the 
composition  of  1  mol.  of  quinol  to  2  mols.  of  jo-toluidine  (Fig.  4A, 
Table  VIII). 
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Table  VII 

[. 

Molecular 

Weight  of 

Weight  of 

Percentage  of 

percentage  of 

quinol. 

^•tohiidine. 

^j-toluidine. 

jj-toluidine. 

Freezing  point 

11-53 

O'OO 

0-0 

0-0 

169-2° 

10-49 

1-94 

15-6 

16-0 

159-0 

6-92 

2-99 

30-2 

30-7 

147-1 

6-73 

4-37 

39-4 

40-0 

137-5 

6-38 

6-13 

49-0 

49-7 

125-1 

6-66 

6-76 

50-4 

51-1 

123-4 

5  54 

6-99 

55-8 

56-4 

113-0 

5-15 

7-52 

59-3 

60-0 

/105-2 
\  96-5 

4-03 

6-76 

62-6 

63-3 

96-6 

4-13 

7-99 

65-9 

66-5 

96-75 

3  08 

7-99 

72-2 

72-8 

96-2 

2-58 

9-32 

78-3 

78-8 

94-1 

111 

9-32 

89-3 

89-6 

83-7 

0-17 

10-58 

98-4 

*98-5 

/46-0 
\42-6 

0-10 

10-58 

99-0 

99-0 

42-7 

0-05 

10-58 

99-5 

99-5 

43-05 

0-00 

10-64 

100-0 

100-0 

43-4 

The  summitof  the  intermediate  branch  lies  at  96'75°(97-65°  corrected), 
and  the  quinol  branch  of  the  curve  starts  abruptly  from  a  point  slightly 
to  the  left  of  the  summit.  Hebebrand  {Ber.,  1882,  15,  1974)  describes 
the  above  compound  of  quinol  and  ^j-toluidine  and  gives  the  melting 
point  as  95—98°. 

The  eutectic  temperatures  are  96-5°  and  42  6°,  and  the  eutectic 
mixtures  contain  63-0  and  98-6  per  cent,  of  j9-toluidine  respectively. 

It  will  be  observed  that  a  very  small  addition  of  quinol  to  p-toluidine 
suffices  to  lower  the  freezing  point  of  the  latter  to  the  eutectic 
temperature.  Thus  a  mixture  containing  only  1-55  per  cent,  of 
quinol  began  to  crystallise  at  46°,  so  that  this  composition  is  already 
beyond  the  eutectic  point. 

Quinol  and  a-Ncvpldhylamine. — The  results  obtained  with  these  two 
substances  are  somewhat  different  from  any  of  those  hitherto  described. 
From  Fig.  4B  and  Table  IX  it  will  be  seen  that  there  is  an  inter- 
mediate branch  which,  however,  is  cut  before  it  reaches  a  maximum  by 
the  quinol  branch  of  the  curve. 


Table  IX. 

Molecular 

Weight  of 

Percentage  of 

percentage  of 

Weight  of 

a-naphthjl- 

a-naphthyl- 

o-naphtliyl- 

quinol. 

ainine. 

amine. 

amine. 

Freezing  point. 

10-21 

0-00 

0-9 

0-0 

169-2" 

7-67 

2-55 

24-9 

20-3 

157-2 

7-67 

4-95 

39-2 

33-1 

148-7 

4-35 

5-65 

56-5 

50-0 

134-8 

4-35 

8-30 

65-6 

59-5 

125-0 

2-70 

7-30 

73-0 

67-5 

114-5 

2-70 

11-23 

80-6 

76-1 

98'5 
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Table  IX.  (continued). 


Molecular 

AVeight  of 

Percentage  of 

percentage  of 

Veight  of 

o-iiaphthyl- 

o-naphthjl- 

a-naphthyl- 

quinol. 

amine. 

amine. 

aniine. 

Freezing  point 

1-49 

8-99 

85-8 

*  82-3 

76  9 

1-20 

8-79 

88-0 

*84-9 

65-8 

fei-o 

J  57-5 
(.45  05 

1-48 

11-86 

88-9 

*86-l 

100 

8-99 

89-9 

87-3 

56-8 

0-91 

9-39 

91-2 

88-8 

54-9 

0-65 

9-39 

93-5 

91-7 

50  2 

0  70 

13-21 

94-9 

93-5 

/46-4 
\45  35 

0-41 

12-95 

96-9 

96-0 

/45-7 
\45-2 

0-14 

11-31 

98-8 

98-4 

47-0 

0  00 

11-02 

100-0 

100-0 

48-0 

Thus,  although  the  formation  of  a  compound  is  indicated  under 
certain  conditions  of  temperature  and  concentration,  the  compound  is 
not  stable  at  its  own  melting  point,  and  no  information  regarding  its 
composition  is  obtained  from  the  freezing-point  curv-e.  A  eutectic  was 
obtained  at  45-3°  (94-0  per  cent.),  and  the  point  P  (57-5°  and  86-5  per 
cent.),  where  two  branches  intersect,  was  indicated  by  a  short  stop  in 
the  cooling  curve  for  mixtures  containing  less  than  86-5  per  cent,  of 
a-naphthylamine.  For  example,  the  primary  crystallisation  of  a  mixture 
of  86  per  cent,  took  place  at  about  61°.  The  temperature  fell  gradually 
to  57-3°  and  then  rose  to  57-5°.  At  this  point  there  was  a  brief  halt, 
succeeded  by  a  gradual  and  regular  fall  until  a  steady  eutectic  tempera- 
ture was  finally  reached  at  45 "OS"  The  initial  freezing  points  observed 
for  mixtures  containing  86-5  to  94  per  cent,  were  quite  definite,  the 
temperature  remaining  stationary  for  two  or  three  minutes,  a  great 
contrast  to  the  fleeting  points  corresponding  to  the  primary  crystallisa- 
tion on  the  steep  portion  of  the  curve  to  the  left  of  P. 

In  order  to  determine  the  composition  of  the  compound  thus 
indicated,  some  of  the  crystals  separating  on  the  intermediate  branch 
were  obtained  and  analysed  as  follows  :  a  mixture  containing 
88-5  mol.  per  cent,  of  a-naphthylamine  was  prepai-ed,  the  initial 
freezing  point  of  which,  as  will  be  seen  from  the  curve,  should  be 
about  55°.  When  the  temperature  had  fallen  to  50°,  the  separated 
solid  was  rapidly  filtered  at  the  pump,  through  a  Gooch  crucible  kept 
in  a  box  heated  to  50°  and  then  pressed  out  on  a  porous  tile  heated  to 
about  52°.  The  nitrogen  in  these  crystals  was  determined  by  Dumas' 
method  and  found  to  be  5-90  per  cent.  The  percentage  of  nitrogen  in 
compounds  containing  50,  60,  and  66-6  mol.  per  cent,  a-naphthylamine 
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would  be  5*55,  6'49,  and  7"09  per  cent,  respectively.  Since  the  mother 
liquor  contains  practically  twice  as  much  nitrogen  as  the  crystals,  and 
since  the  crystals  cannot  be  recrystallised  or  washed,  it  was  only  to 


A.  Quinol  and  ■p-toluidinc. 

B.  Quinol  mid  a-naphthylamine. 
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be  expected  that  a  high  percentage  of  nitrogen  would  be  obtained. 
Hence  the  compound  separating  on  the  intermediate  branch  most 
probably  contains  the  constituents  in  equimolecular  proportion.  For 
the  sake  of  comparison,  a  mixture  containing  82-8  mol.  per  cent,  of 
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a-naphthylainine  was  treated  similarly,  the  filter  box  being  kept  at 
67°  and  the  porous  tile  at  72°.  The  crystals  which  separated 
primarily  were  found  on  analysis  to  contain.  0"30  per  cent,  of  nitrogen. 
Since  the  branch  of  the  curve  to  the  left  of  P  ascends  without  a  break 
to  the  freezing  point  of  quinol,  the  crystals  separated  from  the 
82  5  per  cent,  mixture  ought  to  be  pure  quinol.  With  this  the 
analytical  result  is  in  practical  agreement,  for  it  is  impossible  to  free 
the  crystals  from  adhering  mother  liquor  as  explained  above. 

Assuming,  then,  that  the  crystals  separating  on  the  intermediate 
branch  contain  the  components  in  the  molecular  ratio  1  : 1,  ib  is 
possible  to  interpret  the  phenomena  observed  on  cooling  a  mixture 
containing  up  to  87  per  cent,  of  a-naphthylamine.  The  substance 
which  separates  primarily  on  cooling  such  a  mixture  will  be  quinol. 
As  the  separation  of  quinol  proceeds,  the  temperature  will  fall 
regularly  to  57*5°,  which  is  to  be  regarded  as  a  transition  temperature. 
At  this  point,  the  still  liquid  portion  of  the  mixture  has  the  composi- 
tion represented  by  P.  This  liquid  now  i-eacts  with  the  quinol  already 
formed  to  produce  the  50  per  cent,  compound,  and  the  temperature 
halts  during  this  transition.  The  temperature  then  falls  again  as  the 
separation  of  the  50  per  cent,  compound  from  the  liquid  proceeds,  until 
finally  the  composition  of  the  liquid  portion  is  that  of  the  eutectic 
point  and  the  simultaneous  separation  of  a-naphthylamine  begins. 
That  the  above  is  really  what  takes  place  at  P  is  borne  out  by  the  fact 
that  the  length  of  the  stop  at  P  increases  with  the  amount  of  quinol 
which  has  separated  out.  As  mixtures  with  compositions  more  and 
more  to  the  left  of  86 -5  per  cent,  were  taken,  the  length  of  the  stop  at 
P  was  longer  and  longer. 

Some  of  the  crystals  which  separated  on  the  intermediate  branch 
were  placed  in  a  small  test-tube  and  an  attempt  was  made  to  determine 
their  metastable  freezing  point.  The  compound,  however,  crystallised 
very  sluggishly  and  decomposed  if  heated  for  long.  The  freezing  point 
appeared  to  be  between  85°  and  90°. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 


z  2 


1752  SUDBOROUGH    AND   THOMAS  :   SIMPLE    METHOD 


CLXVIII. — Simple  Method  for  the  Estimation  of  Acetyl 

Groups. 

By  John  Joseph  Sudborough  and  Walter  Thomas. 

Numerous  methods  have  been  suggested  for  the  quantitative  estima- 
tion of  acetyl  groups  in  carbon  compounds.  Hans  Meyer  [Anleitung 
ZUT  quant.  Bestirmnung  der  org.  Atomgruppen,  1904,  13)  gives  a  list 
of  the  following  substances  which  have  been  recommended  for  the 
hydrolysis  of  acetates  :  water  ;  sodium,  potassium,  ammonium,  calcium, 
and  barium  hydroxides  ;  magnesia ;  hydrochloric,  sulphuric,  hydriodic, 
and  phosj^horic  acids. 

A  method  described  in  detail  by  Meyer  {loc.  cit.,  p.  18)  is  that  due 
to  Wenzel  {Monatsh.,  1897,  18,  659),  in  which  the  acetyl  derivative  is 
hydrolysed  with  sulphuric  acid  of  suitable  concentration,  then  sodium 
phosphate  is  added,  and  the  acetic  acid  distilled  under  reduced  pressure 
in  an  atmosphere  of  hydrogen  ;  but  even  under  these  conditions  sulphur 
dioxide  is  formed  and  complicates  the  titration. 

A.  G.  Perkin  has  recently  {Proc,  1904,  20,  171)  described  a  method 
which  consists  in  distilling  the  acetyl  derivative  with  a  mixture  of 
alcohol  and  a  little  concentrated  sulphuric  acid,  fresh  alcohol  being 
added  from  time  to  time.  The  distillate  is  collected  in  standard 
alcoholic  potash,  this  is  then  boiled,  in  order  to  hydrolyse  any  ethyl 
acetate,  and  finally  titrated  with  standard  acid. 

As  both  methods  are  a  little  tedious,  we  have  tried  to  hydrolyse  the 
acetyl  derivatives  with  strong  organic  acids,  for  example,  benzene- 
sulphonic  and  a-  and  /3-naphthalenesulphonic  acids.  These  acids 
have  the  advantage  over  phosphoric  acid  that  they  are  relatively 
strong  acids,  and  over  sulphuric  acid  that  they  are  not  liable  to  yield 
sulphur  dioxide  or  other  acid  gases.  The  preparation  of  the  pure 
benzenesulphonic  acid  can  readily  be  accomplished  as  follows.  A 
given  weight  of  Kahlbaum's  barium  benzenesulphonate  is  distilled  in 
steam  until  the  distillate  is  quite  nevitral ;  this  is  usually  necessary  as 
small  amounts  of  volatile  acid  compounds  are  often  present.  The  hot 
solution  is  mixed  with  the  theoretical  amount  of  sulphuric  acid, 
filtered,  and  the  clear  filtrate  made  up  with  distilled  water  to  a  15  or 
20  per  cent,  solution,  which  can  then  be  vised  as  required. 

Our  first  experiments  were  made  by  distilling  a  given  weight  of  the 
acetyl  derivative  with  a  known  volume  of  the  acid  solution  (5,  10, 
or  15  per  cent.)  in  an  ordinary  distillation  flask  fitted  to  a  condenser 
by  india-rubber  connections.  Distilled  water  was  added  when  the 
solution  became  too  concentrated  and  the  operations   repeated   until 
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the  distillate  was  neutral.  All  our  titration?  were  made  with 
standard  barium  hydroxide,  using  phenolphthalein  as  indicator.  The 
titrations  are  extremely  easy  to  make  when  the  laboratory  atmosphere 
is  fairly  pure,  but  when  large  amounts  of  carbon  dioxide  are  present 
in  the  air  part  of  this  is  absorbed  by  the  distillate  and  the  end-point 
is  more  difficult  to  ascertain.  In  the  absence  of  appreciable  amounts 
of  carbon  dioxide,  one  drop  of  0'05iV  barium  hydroxide  is  sufficient  to 
develop  a  fairly  permanent  pink  coloration  with  a  neutral  distillate. 

A  few  of  the  results  obtained  by  distilling  the  acetyl  derivatives 
with  a  10  per  cent,  solution  of  naphthalene-jS-sulphonic  acid  and 
titrating  the  distillates  with  0'0631iV  barium  hydroxide  are  given  in 
Table  I. 

In  the  third  experiment,  the  acetyl  derivative  was  boiled  with  the 
sulphonic  acid  solution  for  four  hours  in  a  reflux  apparatus  in  order  to 
see  if  the  process  of  distillation  could  be  shortened. 

Table  I. 


No. 
of 
expt.  Substance. 

1.  Triacetylpyrogallol... 

2.  Hexacetylmannitol... 
3. 


Weight 
iu 

grams. 
0-2 
0-209 
0-209 


Titrations  in  c.c. 


1.  2.       3. 

32-4  0-9     2-4 

12-4  16-4  14-4 

29-5  7-8     5-7 


4.       5.  6.    Total.  Theory. 

1-3     0-8  0-0     37-8  37-7 

2-4     0-4  0-4     46-4  46-3 

1-55  1-25  0-0     45-8  46-3 


As  this  method  proved  very  tedious  and  required  continuous 
attention,  we  modified  the  process  by  driving  off  the  acetic  acid  by 
means  of  steam.  The  results  of  numerous  experiments  are  given  in 
Tables  II,  III,  and  IV. 

Table  TI. 

Benzenesuljihonic  A cid. 


Coucen 

Volume 

No.  of 

Calculated 

tration 

of 

c.c.  of 

quantity 

No. 

Weight 

of 

distillate 

Time 

A720-barium    "    of 

of 

in 

acid, 

per  hour, 

in 

hydroxide 

iV/20-alkali 

ex[it.         Substance. 

grams. 

percent 

.     c.c. 

hours. 

required. 

required. 

4.   Hexa-acetylmanuitol . 

..     0-2 

20 

150 

6  0 

55-74 

55-26 

5. 

..     0-2 

10 

400 

2-5 

55-39 

55-26 

6. 

..     0-2 

10 

450 

1-25 

55-13 

55-26 

7. 

..     0-2 

10 

450 

1-5 

57-36 

55-26 

8. 

..     0-2 

20 

400 

1-25 

55-51 

55-26 

9.  Acetylquercetin  

..     0-3 

5 

250 

5-0 

59-68 

58-58 

10.               ,,                

..     0-3 
..     0-2 

10 
5 

450 
450 

2-25 
1-0 

58-70 
48-05 

58-58 

1 1 .  Triacetylpyrogallol . . . 

47-62 

12. 

..     0-198 

10 

400 

2-0 

47-89 

4714 

13. 

..     0-2 

10 

450 

2  0 

47-38 

47-62 

14.   Diacetylnuinol     

..     0-3 

10 

450 

4-0 

61-36 

61  -65 

15. 

..     0-3 
..     0-3 

10 
15 

450 
600 

3-5 

2-0 

61-55 
61-96 

61-65 

16.   Diacetylcatechol 

61-65 

17.               ,,                

..     0-3 

10 

400 

4-0 

61-36 

61-65 
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Table  II.  (continued). 
Benzenesulphonic  Acid. 


Concen 

Volume 

No.  of 

Calculated 

tration 

of 

c.c.  of 

quantity 

No. 

Weight 

of 

distillate 

Time 

i\720-barium    '    of 

of 

in 

acid, 

per  hour, 

in 

hydroxide 

iV/20-alkali 

expt.         Substance. 

grams. 

percent 

.     c.c. 

hours. 

required. 

required. 

18.  Acetanilide 

.     0-3 

10 

500 

2-5 

44-81 

44-44 

19.           ,,           

..     0-3 

20 

500 

2-0 

44-55 

44-44 

20.           ,,            

.     0-3 

10 

400 

3-0 

44-46 

44-44 

21.  Aceto-a-naphthalide  . 

.     0-5 

10 

450 

30 

54-01 

54-05 

22. 

.     0-48 

10 

450 

3-5 

51-84 

51-89 

23.  Acetyl-;8-naphthalide 

.     0-4 

10 

600 

2-5 

43-1 

43-24 

24.  Acetyl-o-toluidide    .... 

..     0-4 

10 

300 

10-0 

54-26 

53-69 

25. 

.     0-4 

10 

450 

6-5 

54-15 

53-69 

26. 

.     0-4 

10 

450 

4-25 

53-69 

53-69 

27.  Aceto-p-toluidide    .... 

.     0-4 

10 

450 

3-0 

54-0 

53-69 

28.  Acetotribromoanilide  . 

.     0-2226     10 

450 

12-0 

13-18 

11-C7 

29.   Diacetyl-o-tohiidine    . 

.     0-3 

20 

450 

5-5 

63-23 

62-83 

30.   Diacetyl-^-toluidine   . 

.     0-3 

10 

450 

3-0 

62-86 

62-83 

31.  Diacetyl-i|/-ciimidine  . 

.     0-3 

10 

450 

4-5 

55-02 

54-80 

32. 

.     0-3 

20 

450 

4-0 

54-85 

54-80 

33.   Diacetyls-tribiomo- 

aniline 

.     0-5 

10 

450 

10-5 

48-67 

48-31 

34.   Diaeetyl-a-naphthyl- 

amine  

.     0-3 

10 

450 

3'0 

53-05 

52-86 

Table  III. 

Naphthalene- a- sulphonic  A cid. 

35.  Hexa-acetylmannitol ...     02           20           350  I'o           55-20           55-26 

36.  ,,                  0-2           15            —  4-0           59-16           55-26 

37.  Acetanilide 0-3           20           500  2-0           44-48           44-44 


Table  IV. 
Naphih alene-^-sulphonic  Acid. 


No. 

of 

expt. 


Substance. 


Concen-  Volume 
tration        of 
Weight       of      distillate 
in  acid,    per  hour, 

percent,     c.c. 


38.  Hexa-acetylmannitol 


grams. 
.     0-2 


40.  ,,                  0 

41.  .,                  0 

4-2.                 ,,                  0 

43.  Acetylquercitin   0 

44.  Triacetylpyrogallol 0 

45.  ,,                  0 

46.  ,,                  0 

47.  Trincetylgallic  acid 0 

48.  ,,                  0 

49.  Diacetylquinol 0 

50.  „             0 


300 
200 
175 
140 
450 
450 


4.50 
150 
150 
150 
450 


Time 
in 

hours. 
2-5 
3-0 
4-0 
6-5 
1-75 
3-0 
4-0 
3-0 
1-5 
4-0 
4-0 
6-0 
1-75 


No.  of        Calculated 
c.c.  of  quantity 

iV720-barium        of 
hydroxide  iV/20-alkali 
required,     required. 


55-00 
55-39 
5.V39 

55-74 

.55-26 

58-7 

47-78 

47-86 

71-57 

49-36 

50-10 

51-7 

51-7 


55-26 
55-26 
55-26 
55-26 
55-26 
58-58 
47-62 
47-62 
71-43 
50-65 
50-65 
51-38 
51-38 


Concen- 

Volume 

No.  of 

Calculated 

tration 

of 

c.c.  of 

quantity 

of 

distillate 

Time 

iV720-barium 

of 

acid, 

per  hour, 

in 

hydroxide  ZV/20-alkali 

per  cent 

.     c.c. 

hours. 

required. 

required. 

10 

150 

2-0 

32-80 

32-25 

5 

150 

4-0 

54-30 

53-75 

10 

300 

4-0 

43-76 

44-44 

10 

300 

4-0 

44-07 

44-44 

10 

450 

3-5 

44-02 

44-44 

20 

450 

2-5 

44-41 

44-44 

10 

150 

12-0 

53-5 

53-69 

10 

450 

4-0 

50-61 

54-05 

10 

500 

2-5 

54-11 

54-05 

10 

150 

7-0 

52-62 

52-86 

10 

150 

iro 

54-60 

54-80 

10 

150 

6-0 

55-36 

54-80 
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Table  IV.  (continued). 
Naphthalene-^-sulphonic  A  c  id. 


No.  AVeight 

of  in 

expt.         Substance.  grams. 

51.  o-Naphthyl  acetate 0-3 

52.  ,,  0-5 

53.  Acetanilide  0-3 

54.  „  0-3 

55.  „  0-3 

66.  ,,  0-3 

57.  Aceto-o-toluidide    0*4 

58.  Aceto-)3-uaphthalide  ...  0-5 

59.  ,,  ...  0-5 

60.  Diacetyl-o-naphthyl- 

amine  0-3 

61.  Diacetyl-i/'-cumidine  ...  0-3 

62.  ,,  ...  0-3 

63.  Diacetyl-s-tribromo- 

aniline 0-25  5  150        26-0  24-60  24-16 


iVofes  071  the  Experiments. 

1.  The  benzenesiilphonic  acid  used  in  the  experiments  of  Table  II 
was  prepared  in  accordance  with  the  method  given  in  the  introduction. 
The  naphthalenesulphonic  acids  used,  which  wei^e  Kahlbaum's 
preparations,  were  quite  free  from  sulphuric  acid  and  contained  only- 
traces  of  salts.  A  few  of  the  experiments  were  conducted  with 
^-sulphonic  acid  prepared  by  ourselves.  Each  sample  of  acid  was 
distilled  in  steam  in  order  to  see  that  no  volatile  acid  passed  over. 

2.  The  results  show  that  all  three  acids  give  good  results  and  that 
the  method  is  both  simple  and  rapid  when  a  fairly  strong  solution  of 
acid  is  used  and  the  steam  passed  through  rapidly.  In  most  of  the 
experiments,  the  flames  were  so  regulated  that  the  volume  of  liquid  in 
the  flask  remained  practically  constant.  The  method  is  rapid  when 
some  450  to  500  c.c.  of  distillate  are  collected  per  hour.  As  this  rate 
of  distillation  causes  considerable  agitation  of  the  liquid  in  the 
distillation  flask,  in  several  of  the  experiments  we  introduced  a 
Kamsay  ammonia  bulb  between  the  distillation  flask  and  the  con- 
denser, in  oi'der  to  avoid  the  mechanical  carrying  over  of  small 
amounts  of  the  sulphonic  acid  solution. 

3.  The  results  show  that  0-acetyl  groups  in  both  aliphatic  and 
cyclic  compounds  can  be  quickly  and  accurately  estimated  by  this 
method.  The  time  required  for  iV'^acetyl  compounds  is  somewhat  longer 
(compare  A.  G.  Perkin,  loc.  cit.). 

4.  The  estimation  in  the  case  of  the  acetyl  derivatives  of  s-tribromo- 
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aniline    takes    a    very  long    time   (Expts.  ISTos.   28,  33,  63),  and  this 
result  may  be  due  to  the  inhibiting  influence  of  the  ortho-substituents. 

5.  In  experiments  with  a-naphthyl  acetate  (Nos.  51  and  52),  it  was 
found  necessary  to  hydrolyse  the  acetate  before  distilling  in  steam,  as 
otherwise  part  of  the  acetate  distils  over  and  vitiates  the  titration. 

6.  Experiment  No.  36  was  made  with  Schuchardt's  pure  a-sulphonic 
acid,  but  a  blank  experiment  showed  that  50  c.c.  of  the  acid  solution 
when  distilled  in  steam  gave  a  distillate  which  neutralised  3'6  c.c.  of 
NI20  alkali  and  the  number  of  c.c,  in  the  last  column  but  one  should  be 
59-16  -  36  =  55-56,  as  against  the  theoretical  value  55-26. 

7.  Diacetylcatechol  has  been  previously  prepared  by  Nachbaur 
{Annalen,  1858,  107,  246),  but  no  melting  point  is  given.  We  find 
that  it  crystallises  from  alcohol  in  large,  flat,  glistening  prisms, 
melting  at  63  5°. 

"We  desire  to  express  our  thanks  to  the  Chemical  Society  for  a  grant 
which  assisted  in  defraying  part  of  the  cost  of  this  investigation  and 
to  A.  G.  Perkin,  Esq.,  for  a  specimen  of  penta-acetylquercitin. 

University  College  of  Wales, 
Aberystwyth. 


CLXIX. — Application  of  the  Microscopic  Method  of 
Molecular  Weight  Determination  to  Solvents  of 
High  Boiling  Point. 

By  George  Barger  and  Arthur  James  Ewins. 

Some  time  ago  one  of  us  described  a  method  of  determining 
molecular  weights  (Trans.,  1904,  85,  286),  in  which  the  vapour 
pressures  of  two  sokitions  are  compared  by  placing  drops  of  them 
in  a  capillary  tube.  An  isothermal  distillation  changes  the  thickness 
of  these  drops,  and  the  direction  of  the  change  is  detected  by  measuring 
with  an  eye-piece  micrometer. 

This  method  was  used  in  the  study  of  association  in  mixtures  of 
solvents  (Trans.,  1905,  87,  1042),  but  so  far  it  was  only  applied  at  the 
ordinary  temperatui'e.  Determinations  were  rapid  with  the  more 
volatile  solvents  (acetone,  chloroform,  alcohol),  but  with  water,  acetic 
acid,  &c.,  several  hours  or  even  a  day  had  to  elapse  between  the  two 
measurements  of  the  drops,  whilst  with  aniline,  for  instance,  no  results 
could  be  obtained.     The  possibility  of  keeping  the  tubes  at  a  higher 
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temperature  was  already  suggested  in  the  original  description,  and  we 
have  now  worked  out  a  convenient  method  of  doing  this.  The  chief 
difficulty  to  be  overcome  was  that  the  capillaries,  when  removed  from 
the  hot  bath  to  the  microscope  stage,  cooled,  so  that  condensation 
occurred  on  their  walls,  causing  irregular  changes  in  the  drops.     The 

Fig.  1. 


Fig.  2. 


problem  resolved  itself  therefore  into  devising  a  suitable  hot  stage. 
The  form  which  we  have  found  most  convenient,  and  which  can  be 
easily  made  from  the  ordinary  materials  of  the  laboratory,  is  repre- 
sented in  figure  1,  which  is  one-third  of  the  actual  size  of  the 
apparatus.     Figure  2  represents  a  section  (actual  size). 

The  apparatus  consists  of  a  thin-walled  glass  tube  about  25  milli- 
metres wide,  bent  at  an  angle  of  120° 
into  two  limbs,  six  and  twelve  centimetres 
long.  The  ends  are  closed  by  india- 
rubber  stoppers  ;  at  A  there  is  an  inlet 
for  hot  water,  at  B  an  outlet  and  a 
short  thermometer.  A  strip  of  glass, 
C,  carries  the  capillaries,  which  are  held 
in  position  by  two  thin  india-rubber 
bands;  C  is  made  by  cutting  down  a 
microscope  slide  until  the  width  is  such 
that  the  capillaries  are  as  far  as  pos- 
sible from  the  walls  of  the  tube  without  interfering  with  the 
sharp  definition  of  the  meniscuses.  Using  a  No.  3  Leitz  objective 
(focal  length,  18  millimetres)  and  a  tube  of  23  millimetres  internal 
diameter,  we  found  a  slide  of  16  millimetres  width  most  convenient. 
The  capillaries  are  preferably  separated  from  the   glass   plate,  C,  by 
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two  narrow  strips  of  glass  about  H  millimetres  thick,  cemented  to 
each  end  of  C,  and  can  thus  be  surrounded  by  a  stream  of  water  for 
almost  their  whole  length.  By  directing  the  inlet  upwards,  a  steady 
flow  over  the  capillaries  is  ensured.  The  slide,  C,  is  held  in  position 
by  a  spiral  spring,  B. 

For  convenience  in  manipulation,  the  apparatus  is  supported  in  a 
block  of  wood  provided  with  an  opening  for  the  passage  of  light.  The 
lower  surface  is  greased  so  as  to  allow  of  a  smooth  motion  over  the 
microscope  stage,  or  better  still,  it  is  fixed  (with  sealing  wax)  on  a 
glass  plate.  As  water  supply  we  use  a  small  constant  level  water- 
bath,  which  is  kept  boiling,  and  therefore  remains  at  constant  tem- 
perature. It  is  fed  from  a  much  larger  bath  of  hot,  but  not  necessarily 
boiling,  water". 

The  method  of  procedure  is  as  follows  :  several  capillaries,  in  each 
of  which  the  solution  under  investigation  is  to  be  compared  with  a 
different  standard  solution,  are  attached  to  C  by  two  thin  india-rubber 
bands ;  C  is  fixed  in  position  by  means  of  the  spiral  spring,  the  cork 
is  inserted  at  A,  and  hot  water  is  run  through  the  apparatus,  the  rate 
of  flow  being  adjusted  by  a  screw-clip.  The  temperature  soon  becomes 
constant  and  remains  so  within  narrow  limits  if  the  adjustment  of 
the  screw-clip  is  not  changed.  The  first  reading  is  then  made,  and 
after  a  brief  interval  the  second  reading  is  taken  (see  the  examples 
given  below).  By  adjusting  the  rate  of  flow  from  a  boiling  water- 
bath,  the  capillaries  can  easily  be  kept  at  any  temperature  between 
70°  and  95°  with  a  variation  of  one  or  two  degrees. 

We  have  employed  a  variety  of  solvents  to  illustrate  the  improved 
working  of  the  method.  As  was  previously  shown,  volatile  solvents 
such  as  alcohol  and  benzene  are  very  suitable  for  determinations  at 
the  laboratory  temperature.  .  We  have,  however,  included  a  few  ex- 
periments with  them  at  temperatures  near  their  boiling  points  to 
show  the  great  rapidity  with  which  determinations  can  be  made.  In 
five  to  ten  minutes,  1  per  cent,  differences  in  the  molecular  concentra- 
tion of  two  solutions  can  be  detected.  In  the  case  of  alcohol,  it  is 
rather  important  to  keep  the  temperature  constant. 

With  water  and  acetic  acid,  good  results  are  obtainable  at  the  ordin- 
ary temperature  only  when  a  considerable  time  is  allowed  to  elapse 
between  the  two  readings ;  at  80°,  this  time  is  reduced  to  a  quarter  of 
an  houi".  For  aniline  at  95°,  it  may  amount  to  one  hour.  Phenol, 
nitrobenzene,  and  quinoline  gave  indifferent  or  bad  results.  The  best 
of  the  solvents  of  high  boiling  point  we  have  employed  are  pyridine, 
acetic  acid,  and  aniline.  Water  is  not  very  good  on  account  of  its 
small  surface  tension. 

As  will  be  seen  from  the  appended  examples,  the  accuracy  obtain- 
able is  amply  sufficient  for  practical  purposes.     The  ease  and  rapidity 
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with  which  determinations  can  be  carried  out  is,  in  many  cases,  greater 
than  when  a  boiling-point  method  is  employed.  The  solvent  need  not 
be  pure  and  the  time  required  for  a  complete  determination  is  about 
one  hour  and  a  half ;  for  the  mere  verification  of  a  probable  formula 
much  less  time  is  required. 

In  the  following  tables,  M  means  a  gram-molecular  weight  per 
1000  grams  of  solvent.  The  other  data  have  the  same  significance  as 
in  the  original  paper  {loc.  cit.). 

Eth)jl  Alcohol  : 

Resorciyiol,  0-20  M.     T^85°. 

Acetanilide 0-205  M.        7  luins.         -US         -23         +7         -10         +5 

0-21    ,,        12     ,,  -57         4-25        -33  +d         +6 

M.W.=104-7— 107'3.     Mean  =  106.     CgHgO,  requires  110. 

Diphemjlamine,  0-20  M.     T=  75°. 

Acetanilide  0-205  M.      12  rains.  -1-8  -9         -fo  -2         -1 

0-21    ,,  7     ,,  -7  +2  -7  +6  -f3 

M.W.  =  160-9— 164-8.     Mean  =  162-8.     CioH„]Sr  requires  169. 

Benzene : 

Triphenylmethane,  0-20  M.      7'=  80°. 

Benzil  0-20    M.        7  mins.  -M6  +2         +1  -2  +12 

,,       0-205,,        10     ,,  +1  +5         -1         +9         -20 

M.W.  =238—244.     Mean  =  241.     CmHig  requires  244. 

Azobe7izene,  0-20  M.     T=  80°. 

Benzil  0-19    M.        5  mins.  +S  0         +3         -2  -f5 

,,       0-195,,         6     ,,  -8  -3       -17         +7  +5 

M.W.  =186-6—191-6.     Mean  =  189-3.     C'loHjoXo  inquires  18-2. 

Benzoic  Anhydride,  0-20  M.     T=  77°. 

Benzil  0-1975  M.        10  mins.  4-5  -2         4--20  -5  4-2 

„        0-2025,,  14     ,,  -28        4-34  -55        4-67  -1 

M.  W.  =  223  -2-228  -8.     Mean  =  226.     Ci4HioOa  requires  226. 

Water  : 

Mannitol,  0-20  M.     T=  88°, 

Cane  sugar  0-20    M.        15  mins.  -M9  -1  0  -2         4-15 

0-205,,  14      ,,  -4  4-4  -7  4-2  4-3 

M.W.  =177-5—182.     Mean  =  179-7.     CsHnOe  requires  182. 
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Carbamide,  0-20  M.     T=S8°. 

Cane  sugar  0-21    M.        18  mins.  +8  0  -2  4  +5 

0-215,,  21     ,,  -4  +5  -6        +10  -4 

M.W.  =55-8— 57-1.     Mean  =  56-4.     CH4ON0  refiuiies  60. 

Succinic  Acid,  0-20  M.     T^  89°. 

Caiie  sugar  0-21  M.         19  mins.  +4  0  0-5  +8 

0-22  ,,  18     ,,  -1+5  0+2  -2 

M.W.  =107'3— 112-4.     Mean  =  109-8.     C4H6O4  requires  118. 

F>/ridine: 

Acetanilide,  0-20  M.     ^=86°. 

Benzil  0-20    M.        30  mins.         +4         -13  +3         -8         +1 

0-205,,  29     ,,  -7  +14  -14       +13  -5 

M.W.  =131-7— 135.     Mean  =  133-3.     CgHqON  requires  135. 


a-XitronajMhalene,  0-20  M.     T=  SG'^ 


Benzil  0-195M.        19  mins.         +6  -7  +8         -5         +5 

0-20    ,,  19     ,,  -3  +17  +1  +6         +2 

M.W.  =  173— 177-4.     Mean  =  l75-2.     CioHA^  requires  173. 

Acetic  Acid  : 

Acetanilide,  0-20  M.     T=18°. 

Benzil 0-20    M.        9  mins,  +6  0+4  0         +4 

0-205,,  8     ,,  +2  +6  -8         +7         -2 

M.W.  =  132-2—135.     Mean  =  133-6.     CgHgON  requires  135. 

Succinic  Acid,  0-20 'M.     T=7S°. 

Benzil  0-19    M.        13  mins.  +3  +2  +5  -2  +2 

0-195,,  13     ,,  -4  +6  -3  +8  +2 

M.W.  =  121— 124-2.     Mean  =  122-6.     C4H6O4  requires  118. 

Picric  Acid,  0-40  M .     T=  78°. 

Benzil  0-41  M.  7  mins,  +15  -14  +18        -14        +24 

0-42,,  6     ,,  -11  +10  -3  -2  -8 

M.W.  =218— 224.     Mean  =  221.     C6H3O7N3  requires  229. 

Camphoric  Acid,  0-40  M.      2^=  90°. 

Benzil  0-39  M.  6  mins.  +6  -3  -3  -2         +6 

0-40,,  11      ,,  -13  -2  -3        +10  -2 

M.W.  =  200—205.     Mean  =  202 -5.     CioH,604  requires  200. 
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Phenaceti7i,  O-iO  M.     T=88°. 

Acetanilide 0-42  M.  9  mins,  +14  +3         +11  -6         +1 

0-43,,  8     ,,  -2  +4         -17         +4         -6 

M.W.  =  166-5— 170-5.     Mean  =  168-5.     CioHisOoN  requires  179. 

Amyl  Alcohol : 

^ensi7,  0-159  M.     T=U°. 

Azobenzene 0-155  M.       35  mins.         +5         -18         +15       -27       +27 

0-165,,  15     ,,  -7  -4  -25        +24        -22 

M.W.  =202-4— 215-4.     Mean  =  208-9.     Ci^HjoOo  requires  210. 

Ethylene  Dihromide: 

Biphenylamine,  0-20  M.     ^=90°. 

Triphenylmethane      0-19    M.        17  mins.  +9  -3  +11  +2         +5 

0-195  „         27     ,,  +6         +10  +3        +12         +2 

M.W.  =173—178.     Mean  =  l75-5.     CjoHuN  requires  169. 

5enci7,  0-20M.     r=90°. 

Triphenylmethane     0-19    M.        48  mins.  +4  -5         +10  0        +12 

0-195  ,,         16     ,,  0  +8  -5  -1-12 

M.W.  =216—221.     Mean  =  218-5.     Cj^HioO.,  requires  210. 

Amyl  Acetate: 

Benzilic  Acid,  0-20  M.     7'=  90°. 

Benzil  0-205  M.        20  mins.  -3  -6  +3       -12         +7 

0-21     ,,  9     ,,  -5  +2  -7  0        -10 

M.W.  =217— 2-22-4.     Mean  =  219-7.     CnHjoOa  requires  228. 

Anisole  : 

Triphenylmethane,  0-20  M.      r=  90°. 

Benzil  0-19    M.        15  mins.  +9  -2  +9         +2  0 

0-195  ,,         15     ,,  -3  +9  -2         +4  +2 

M.W.  =250— 257.     Mean  =  253 -5.     CigHje  requires  244. 

Formanilide,  Q-20  M.     ^=90°. 

Benzil  0-15    M.  9  mins.  +4  +1  +1  -1  +2 

0155,,         20     ,,  -6         +10  -5         +5  -6 

M.W.  =159— 161.     Mean  =  160.     C7H-ON  requires  121.* 
*  Anisole  and  phenetole  are  associative  solvents. 
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Flienetole  : 

Triplienylmethane,  0-20  M.      ^=90°. 

Benzil  0-195  M.        15  mins.  -1  0  +5         +1         +4 

,,       0-20     ,,         12     ,,  -19  +12  -8  +5        -18 

M.W.  =244—250.     Mean  =  247.     CigHig  requires  244. 


Formanilide,  0-20  M.     T=  90°. 

Benzil  0-095  M.        12  mius.         +8  -1  +9         +1         +5 

, 0-10     „         20     ,,  -3  +3  -6  0  -3 

M.W.  =242—255.     Me.an  =  248.     C^H.ON  requires  121.* 


Oil  of  Turpentine,  b,  p.  155—165°  : 

Bipheiiylamine,  0-20  M..     T=dO°. 

Azobenzene 0-19    M.        47  mins.         +3  +4  +4         -2         +4 

0-195  ,,         21     „  -2  0  -7         -1         -5 

M.W.  =173—178.     Mean  =  175-5.     CioHnN  requires  169. 


Benzaldehyde  : 

Triphenylmethane,  0-20  M.     T=9i°. 

Diplrenylamiiie   ...     0-205  M.        15  mins.  0  -3         +10  0         +1 

...     0-21     „         32     „  -1  +1  +1  +5  -4 

M.W.  =232—238.     Mean  =  235.     CigHje  requires  244. 


Phenanthrene,  0*20  M.     T=  94°. 

Diphenylamine  ...     019    M.        49  mins.  -1  -7  -2  -7  0 

,,  ...     0-195  ,,         35     ,,  -2  0  -4  -3  -2 

M.W.  =  182—187.     Mean  =  lS4-5.     C14H10  requires  178. 

Aniline  : 

Benzilic  Acid,  0*20  M.     T=  90°. 

Benzil  0-20    M.        38  mius.         +3  -7  -1         -5         +1 

0-205,,         37     „  -3  +9  0         +8         -2 

M.W,  =222— 228.     Mean=225.     C14H12O3  requires  228. 

Benzidine,  0-20  M.     :r=90°. 

Benzil  0-20    M.       40  mins.         +2  +1  +5         -1         +4 

0-205  ,,         39     ,,  -2  0  -4  +1  -9 

M.W.  =179-5—184.     Mean  =  18r7.     C12H12N2  requires  184. 
*  Auisole  and  phenetole  are  associative  products. 
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Triphenylmethane,  0-20  M.     ^=90° 

Benzil  0-20    M.        58  mins.  0  -6  +1         -1  0 

„       0-205  „         36     ,,  -3  +2  0  -1  -3 

M.W.  =238— 244.     Mean  =  241.     CigHig  requires  244. 

Camphoric  Acid,  0'20  M.     2^=92° 

Benzil  0'19    M.        41  mins.         +1  -5  +7         -3         +8 

,,       0-195  ,,         40     ,,  -11  -2         -10         -1         +4 

M.W.  =205—210.     Mean  =  207-5.     CjoHie04  requires  200. 

i^/ie«ace«Mi,  0-20  M.     7^=92°. 

Benzil  0-205  M.        50  mins.        +15         +17         +37       +19       +25 

.0-21     „         35     ,,  -5  0  -3         +1         -2 

M.W.  =170— 175.     Mean  =  172-5.     CioHisO-.N  requires  179. 

^ceiamYiVZe,  0-20  M.     7^=90°. 

Benzil  0-19    M.        32  mins.         +5  +2  +3         -1         +3 

,,       ,     0-195  ,,         32     „  -9  +3  +2         +3         +1 

M.W.  =  138-14-2.     Mean  =  140.     CgHgON  requires  185. 

Nitrohenzene  : 

Triphenylmethane,  0-177  M.     ^=90°. 

Benzil  0-165  M.      222  mins.         +1  -4  -2         -8       +14 

0-19     „       224     ,,  -5  +2  -4        +11  +4 

M.  W.  =  227—262.     Mean  =  244  "5.     CigHje  requires  244. 

The  Wellcome  Physiological  Research  Labokatories, 
Herne  Hill,  London,  S.E. 


CLXX. — Optically   Active   Reduced    Naphthoic    Acids. 

Part  I.     Dextro-/S.^^°''^^-dihydro-l-naphthoic  Acid. 
By  Egbert  Howson  Pickard  and  Allen  Neville,  B..Sc.  (Lend.). 

To  ^elucidate  the  nature  of  tbe  benzene  nucleus,  von  Baeyer  and  his 
pupils  have  made  an  extended  study  of  the  reduced  benzene  and 
naphthalene  carboxylic  acids.  To  several  of  these  have  been  ascribed 
formulae  containing  asymmetric  carbon  atoms,  and  several  of  them  — 
the  labile  acids — are  readily  transformed  under  the  action  of  various 
reagents,  such  as  caustic  alkalis,  into  stable  isomerides. 
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We  have  attempted  the  resolution  of  some  of  these  into  their 
optical  antipodes  with  the  following  objects  in  view :  (i)  to  help  to 
clear  up  some  of  the  remaining  doubtful  points  as  to  the  constitution 
of  the  various  reduced  naphthoic  acids  and  (ii)  to  use  some  of  the 
labile  acids  as  specific  reagents  for  the  measurement  of  the  concentra- 
tion of  hydroxyl  ions  and  the  relative  strength  of  bases. 

By  the  reduction  of  a-naphthoic  acid  at  0°  with  sodium  amalgam  in 
the  presence  of  carbon  dioxide,  von  Baeyer  and  Schoder  (Annalen, 
1891,  266,  169)  obtained  a  labile  dihydronaphthoic  acid.  When 
treated  with  sodium  hydroxide,  this  labile  acid  is  transformed 
into  a  stable  acid,  which  is  A^-dihydi-o-1 -naphthoic  acid, 
C(CO,H):CH 

since,  when  oxidised,  it  yields  o-carboxyhydrocinnamic  acid  (von 
Baeyer     and     Schoder,     loc.     cit.).      Consequently,     the    labile    acid 

must     be     either     the      A^-acid,      C^H4<^  ^^ !__  '     ^     or      the 

CM C-H 

CTT^CO  ITVCTT 
A--acid,     C,;H.<^       \^^_^ii  By    analogy     with     the      reduced 

CHg CrL 

phthalic  acids,  it  is  more  likely  to  be  the  A--acid,  but  we  have  not 
been  able  to  decide  definitely  whether  it  is  the  A^-  or  the  A^-acid. 
Each  formula  contains  one  asymmetric  atom.  We  have  isolated  the 
strongly  dextrorotatory  form  of  the  acid,  and  by  means  of  polarimetric 
observations  have  shown  that  its  transformation  into  the  A^-acid  in 
the  presence  of  bases  proceeds  as  a  unimolecular  reaction.  The  trans- 
formation of  a  A--acid  into  a  A^-acid  can  be  represented  as  follows  by 
the  addition  and  subsequent  elimination  of  water  : 

C  H  ^^H(CO,H)-CH               r              CH(CO,H).CH-OH-| 
^"^^<CH, CH         ^    L^^^^<CH, CH,       J      ^ 

A'-^-Acid. 

"^^CH, ch; 

A^-Aciil. 
The  transformation  of  a  A^-acid  into  the  A^-acid  can  be  represented  in 
a  similar  manner  as  follows  : 

CH(C0,H)-CH2   ^    Ynxx  ^CH(C02H)-CH2 
'>"    ^"^CH  CH 

A-'-Aeid. 

,CH(C02H)-CH  r^  ^  ^CH(C02H)-CH-0H- 


L^^^*<CH, CH-OhJ    -^ 

P  Tx  /^'ii(^'<J2Jtl)-Mii       _^    r              CH(CO,H).CH-OH-i 
^^^*<CH, CH     "^    L   ^^^<CH, CH,       J   -^ 


A^-Acid 

C  H  /G(co,H):cH 

^•^^^^CH, CH, 

A'-Acid. 
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It  is  some  additional  evidence  in  favour  of  the  A^-constitution  that 
measurements  of  the  velocity  of  the  transformation  into  the  A^-acid 
show  the  same  to  be  unimolecular,  but  it  must  be  remembered  that 
what  is  measured  may  be  the  velocity  of  the  slowest  of  more  than  two 
successive  changes. 

Experimental. 

d- A''"''  '^''-Dihydro- 1  -naphthoic  Acid. 

Several  unsuccessful  attempts  to  resolve  the  inactive  acid  (von  Baeyer 
and  Schoder,  loc.  cit.)  were  made  by  crystallising  its  salts  with  various 
optically  active  bases  from  ordinary  media.  Thus,  no  products  of 
constant  rotation  were  obtained  when  either  the  strychnine  or 
^menthylamine  salt  was  crystallised  from  dilute  alcohol  or  pure  ethyl 
acetate.  It  was  found  that  this  was  due  to  the  ease  with  which  the 
acid  undergoes  molecular  transformation  in  the  presence  of  small  traces 
of  any  base.  At  the  boiling  points  of  these  two  solvents,  the  salts 
apparently  dissociate,  with  the  result  that  a  portion  of  the  acid  is 
transformed.  Of  the  various  salts  tried,  the  ^menthylamine  salt 
crystallised  best,  and  from  ethyl  acetate  containing  a  little  acetic  acid 
gave  a  product  of  constant  melting  point  and  rotation. 

l-Menthyl  ^-^^-^'''''^'-dihydro-l-najjhthoate. — When  aqueous  solutions 
of  ^-menthylamine  hydrochloride  and  sodium  A"'°'^'-dihydro-l- 
naphthoate  are  mixed  in  equivalent  quantities,  a  mixture  of  the 
IBdA-  and  ^i^^^l-salts  is  precipitated  as  a  sticky  mass.  This  soon  sets 
to  a  hard  mass,  and  after  trituration  with  water  is  obtained  as  a  white 
powder  melting  at  138 — 139°.  It  is  insoluble  in  water,  easily  soluble 
in  alcohol,  dissolves  fairly  readily  in  the  other  common  organic  media, 
and  in  alcohol  has  [  a]o  about  —  25°.  When  crystallised  from  hot  dilute 
alcohol,  the  i-otation  of  the  products  exhibited  much  variation,  the 
[ajo  in  alcohol  of  the  purest  salt  obtained  after  six  crystallisations 
being  —^2*9°.  After  three  or  four  crystallisations  from  hot  ethyl 
acetate  containing  a  little  acetic  acid,  the  pure  lBdA-&2i\t  is  obtained 
in  rosettes  of  hard,  prismatic  needles  which  melt  at  150°. 

The  salt  was  boiled  with  a  known  excess  of  sodium  hydroxide  until 
all  the  menthylamine  was  driven  off,  when  the  hydroxide  remaining  was 
titrated. 

0-5493,  treated  in  this  way,  used  0-0686  NaOH. 

The  calculated  quantity  required  is  00668  NaOH. 

Polarimetric  observations  on  a  specimen  obtained  as  above  after 
four  crystallisations  gave  the  following  results  : 

0*4280,  made  up  to  25  c.c.  with  ethyl  alcohol,  gave  a  +2-57°  in  a 
2-dcm.  tube  ;  whence  [aj^  +75-06°  and  [M]u  +2469°. 

VOL.    LXXXVII.  6    A 
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After  another  crystallisation : 

U"5452,  made  up  to  25  c.c.  with  ethyl  alcohol,  gave  a  +3"24°  in  a 
2-dcm,  tube  3  whence  [a]^  +74-29°. 

This  product  was  then  recrystallised  from  hot  ethyl  acetate,  which 
had  been  freshly  distilled  over  anhydrous  sodium  carbonate.  The 
melting  point  of  the  resulting  crystals  was  lowered  to  146°  and  the 
[ajoto  +59-1°. 

The  IMA-salt  is  very  soluble  in  ethyl  acetate,  and  could  not  be  isolated 
in  a  pure  state.  It  is  therefore  probable  that  the  product  with 
[aju  +59"1°  contained  some  of  the  ^-menthylamine  salt  of  the  A^-acid, 
which  crystallises  from  ethyl  acetate  and  has  [a]^  -  25°  in  alcohol. 
Even  the  pui'est  salt,  when  left  exposed  to  the  air.  has  an  odour  of 
menthylamine,  and  its  specific  rotation  slowly  decreases. 

d-A^-^""  ^^-Dihydro-l-Qiaphthoic  Acid. — The  menthylamine  salt  is  sus- 
pended in  water,  acidified  with  dilute  hydrochloric  acid,  and  the  dextro- 
acid  extracted  with  ether.*  The  acid  obtained  from  the  ethereal 
solution  is  crystallised  from  light  petroleum,  from  which  it  separates 
as  a  mass  of  colourless,  felted  needles  melting  at  103°,  whereas  the 
melting  point  of  the  inactive  acid  is  given  by  von  Baeyer  and  Schoder 
{loc.  cit.)  as  91°. 

0-1408  gave  0-3892  CO^  and  0-0755  H2O.     C  =  75-39  ;  H  =  5 -96. 
C^jH^gOg  requires  0  =  75-85  and  H  =  5-74  per  cent. 

03299,  made  up  to  19-9  c.c.  with  chloroform,  gave  a  +7-06°  in  a 
2-dcm.  tube;  whence  [a]o  +212-9°  and  [M]d  +370-4°. 

04787,  made  up  to  20  c.c.  with  benzene,  gave  a  +8*52°  in  a  2-dcm. 
tube;  whence  [ajo  +177-98°  and  [M]d  +309  5°. 

The  pure  IBdA-saM,  although  not  stable  in  air,  yet  if  kept  in  a 
desiccator  over  sulphuric  acid  always  yields  the  pure  dextro-acid. 

A  slightly  impure  specimen  of  the  acid  ([aju  +  201-9°  in  chloroform) 
was  converted  into  the  ^-menthylamine  salt.  The  precipitated  product 
without  previous  crystallisation  was  dissolved  in  ethyl  alcohol  and 
gave  [d]o  +67-9°. 

The  sodium  salt  separates  out  as  a  mass  of  silky,  felted  needles 
when  dry  alcoholic  solutions  of  the  acid  and  sodium  ethoxide  are 
mixed ;  it  does  not  melt  below  250°,  is  extremely  soluble  in  water,  and 
insoluble  in  ether. 

0-0896  gave  0-0329  NagSO^.     Na=  11'9. 

O^j^HgOgNa  requires  Na=  11-73  per  cent. 

*  The  menthylamine  hydrochloride  recovered  from  the  extrarfed  solution  was 
unaltered  in  rotation. 
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0-2780,  made  up  to  19-9  c.c.  with  water,  gave  a  +  5-34°  in  a  2-clcm, 
tube;  whence  [ajo  +19M°and  [M]d  +374-5^. 

The  jwtassium  and  ammonium  salts  were  prepared,  but  owing  to 
their  extreme  solubility  in  alcohol  and  water  are  difficult  to  obtain 
pure.  Of  other  salts,  the  magnesium,  calcium,  barium,  strontium,  and 
manganese  salts  are  soluble,  and  the  silver,  copper,  cadmium,  zinc,  and 
mercury  salts  insoluble  in  water. 

The  methyl  ester,  prepared  by  treating  the  silver  salt  suspended  in 
ether  with  methyl  iodide,  is  an  oil  which  remains  liquid  at  the 
temperature  of  a  mixture  of  ice  and  salt.  When  heated  with 
7>-toluidiQe  for  12  hours  at  160°,  it  is  converted  into  the  -p-toluidide, 
which  crystallises  from  alcohol  in  lustrous  leaflets  and  melts  at  204*^. 

0"1334  gave  6*8  c.c.  moist  nitrogen  at  18°  and  732  mm.     N  =  5*6. 
C^gHj-ON  requires  N  =  5-3  per  cent. 

0'1989  made  up  to  20  c.c.  with  chloroform  gave  +0*15°  in  a  1-dcm. 
tube;  whence  [a]o  +15'08°  and  [M]d  +39-6°  It  should  be  noted, 
however,  that  from  the  method  of  its  preparation  and  despite  its  con- 
stant melting  point,  a  portion  of  this  toluidide  may  have  undergone 
transformation  into  the  j9-toluidide  of  the  A^-acid. 

A  specimen  of  the  dibromide  of  the  acid,  which  had  been  prepared  as 
described  by  von  Baeyer  and  Schoder  (loc.  cit.),  after  one  crystallisa- 
tion from  light  petroleum  gave  [ajo  +49"77°  in  chloroform  and 
[M]d  + 166 '2°,  but,  since  the  addition  of  bromine  to  the  acid  gives  rise 
to  two  new  asymmetric  carbon  atoms,  this  specimen  is  hardly  likely  to 
be  homogeneous. 


Molecular  Transformation  of  the  Acid. 

The  sodium  salt  of  the  acid  can  be  kept  unchanged  in  a  desiccator 
for  months.  An  aqueous  solution  of  the  salt  was  kept  for  three  days 
at  50° ;  its  rotation  was  then  unchanged  and  i-emained  unaltered  at 
the  end  of  another  three  days  after  the  addition  of  sodium  carbonate. 
The  addition  of  sodium  hydroxide  to  a  solution  of  the  sodium  salt 
causes  a  rapid  diminution  in  the  rotation  of  the  solution,  which 
ultimately  becomes  inactive.  If  such  a  solution  is  acidified  just  before 
the  rotation  becomes  zero,  the  precipitate  consists  of  nearly  pure 
A^-acid.  The  following  selected  polarimetric  observations  show  that 
the  transformation  proceeds  as  a  unimolecular  reaction. 

About  0-3  gram  of  the  sodium  salt  was  made  up  to  20  c.c.  with 
aqueous  Nji  sodium  hydroxide  and  kept  at  30°  in  a  jacketed  polari- 
meter  tube. 

6  A  2 
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Time  in  hours. 

Observed  rotation. 
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32-50 
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0-0234 

oo 

0-0 

Mean  

— 

...     /»:=  0-0229 

One  of  us  is  comparing  the  action  of  various  bases  on  the  active 
acid  and  the  results  of  this  investigation  will  be  communicated  to  the 
Society  in  due  course. 

We  wish  to  express  our  thanks  to  Messrs.  Jos.  Kenyon  and  H.  L. 
Leech,  who  have  independently  repeated  this  work,  and  also  to  the 
Research  Fund  Committee  of  the  Chemical  Society  for  a  grant 
defraying  some  of  the  cost  of  material. 

Technical  School,  County  Laboratories, 

Blackburn.  Chelmsford, 

Essex. 


OhXXi.—Tetrazolme.    Part  III. 

By  Siegfried  Ruhemann  and  Richard  William  Merriman. 

Several  years  ago,  Ruhemann  and  Stapleton  (Trans.,  1899,75,  1131  ; 
1902,  81,  261)  showed  that  the  properties  of  tetrazoline, 

differ  most  markedly  from  those  of  its  iV-aryl  derivatives,  which  one 
of  us  (Ruhemann,  Trans.,  1889,  55,  242;  1890,  57,  50)  obtained  by 
the  action  of  chloroform  and  caustic  potash  on  phenylhydrazine  and 
its  homologues.  Of  especial  interest  is  the  difference  in  their  behav- 
iour towards  methyl  iodide.  Whilst  the  action  of  this  iodide  on 
diphenyltetrazoline  is  normal  and  yields  the  methiodide, 

C,,H,2N4,CH3l, 
it  reacts  with  tetrazoline  to  form  several  products,  two  of  which  had 
been  isolated  and  described  previously  (Joe.  cit.).  From  the  analytical 
results,  the  composition  CgHgN^Ig  had  been  deduced  for  the  dark  blue 
compound,  and  CgH^N^I  for  the  colourless  substance.  We  now  find 
that  the  former  contains  two  atoms  of  hydrogen  less,  and  therefore 
corresponds   to    CgHj^N^Ig,    because   it   is   formed   directly   from  the 
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colourless  iodide  by  its  union  with  iodine.  It  has  already  been 
pointed  out  that   the  compound    CgH^N^I    cannot    be    the   iodide  of 

methyltetrazoline,  CH.-^-^^^ |4^CH,HI,  because  its  aqueous  solu- 
tion in  the  presence  of  an  alkali  turns  violet  on  exposure  to  the  atmo- 
sphere, whereas  such  a  reaction  does  not  take  place  with  tetrazoline ; 
it  therefore  follows  that  the  substance  C3H7N4I3  cannot  either  be 
a  derivative  of  methyltetrazoline.  On  further  examination  of  the 
compound  C3H^.N4l3,  we  have  been  struck  by  its  resemblance  to  the 
periodide  of  diazobenzene  chloride ;  both  crystallising  in  dark  blue 
prisms,  both  being  very  unstable  and  readily  decomposed  by  water 
with  liberation  of  iodine.  This  fact  seems  to  point  to  analogous 
formulae  and  leads  to  the  view  that  a  jJriori  the  iodide,  CgH-N^T,  should 
be  represented  either  by  the  symbol 


which  fixes  also  the  constitution  of  the  coloured  substance,  CgHwISr^Ig. 
Either  of  those  formulae  of  CgH^N^I  would  allow  of  a  ready  explana- 
tion of  the  fact  that  alkaline  solutions  of  this  compound  turn  violet  on 
oxidation.     This  reaction  may  be  expressed  thus  : 

NH  NH  NH 


2       It       9^2 

+  02-2H20-1- 

II     9—9    ft 

HC       N 

I          i 

HC        N         N       CH 

\^ 

\^              %/ 

^(GHgl) 

^(CHgl)                    ^(CHgl) 

and  would  be  analogous  to  the  formation  of  indigo  from  indoxyl. 

According  to  the  view  which  we  have  advanced  concerning  the  con- 
stitution   of    the    iodides  CgHKN^I    and    CgH^^N^Iy,   these  compounds 

would  appear  as  derivatives  of  a  dihydrotetrazine,  CH2\t^tt.tst^CH, 

isomeric  with  bisdiazomethane  and  tetrazoline.  Hantzsch  and  Sil- 
berrad  {Ber.,  1900,  33,  58)  have  shown  that  bisdiazomethane  under 
the  influence  of  hydrochloric  acid  undergoes  isomeric  change  to  tetr- 
azoline ;  it  may  be  assumed  that  this  transformation  takes  place  thus  : 

CH,<^:^>CH2  ->  CH2<^=^>CH    -->   CH<^g^H^CH, 

Bisdiazomethane.  Tetrazoline. 

and  is  preceded  by  the  foi-mation  of  the  dihydrotetrazine,  which  we 
regard    as    the    parent    substance    of    the    compounds    CgH^N^I    and 
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derivatives  is  due  to  a  regressive  change  of  tetrazoline. 

This  view  is  supported  by  the  behaviour  of  aldehydes  towards 
tetrazoline.  For  instance,  benzaldehyde  reacts  with  tetrazoline  in  the 
presence  of  piperidine  as  a  catalytic  agent  according  to  the  equation  ; 

C2H4N4  +  CgH^-CHO  =  H,0  +  CgHgN.iCH-CeH^, 
and  yields  a  compound  which  must  be  represented  thus : 

c,h,.ch:c<^=^>ch. 

Its  formation  necessitates  the  isomerisation  of  tetrazoline.  "We  have 
applied  this  reaction  to  a  number  of  aldehydes,  and  have  found  that 
in  most  cases  it  takes  place  readily,  yielding  similar  condensation 
products  in  almost  theoretical  quantities.  Especially  rapid  is  the 
action  of  salicylaldehyde  on  tetrazoline,  being  completed  in  a  few 
minutes,  but  o-nitrobenzaldehyde  condenses  very  slowly  and  incom- 
pletely with  tetrazoline  ;  this  fact  is  probably  to  be  attributed  to  the 
steric  hindrance  exercised  by  the  ortho-position  of  the  nitro-group  in 
the  aldehyde.  These  condensation  products  dissolve  in  mineral  acids 
at  the  ordinary  temperature  with  partial  decomposition  ;  nevertheless, 
their  solutions  in  dilute  hydrochloric  acid  yield  with  platinic  chloride 
normal  salts  having  the  general  formula  (C2H2N"4!CHR)2,HgPtCl,.. 

The  hydrolysis  of  the  compounds  which  are  formed  by  the  action  of 
aldehydes  on  tetrazoline  is  completed  on  digesting  their  solutions 
in  hydrochloric  acid.  We  have  studied  this  decomposition  in  the  case 
of  benzylidenetetrazoline,  CgHgN^ICH'C^^Hg,  with  the  view  of  ascer- 
taining whether  the  base,  which  is  thus  produced  along  with  benz- 

aldehyde,  is  the  dihydrotetra^ine,  CHo^^^tt^^^CH.     This   inquiry 

has  led  to  the  result  that  the  hydrolysis  is  accompanied  by  the  iso- 
merisation of  the  base  to  tetrazoline.  This  fact  decides  also  the 
constitution  of  the  iodides  which  are  formed  by  the  action  of  methyl 

iodide  on  tetrazoline.  Since  the  dihydrotetrazine,  CH2<^-j^^^^^CH, 

appears  to  exist  only  in  such  derivatives  which  exclude  the  change 
into  the  corresponding  compounds  of  tetrazoline,  it  follows  that  the 
iodide,  CgH^N^I,  has  to  be  represented  by  symbol  I,  and  that  the 
corresponding  formula  should  be  attributed  to  the  additive  product, 

The  fact  that  the  condensation  products  which  tetrazoline  forms 
with  aldehydes,  although  partially  hydrolysed  by  cold  dilute  hydro- 
chloric acid  into  tetrazoline  and  the  aldehydes,  yield  the  platini- 
chlorides  in  a  pure  state,  attracted  our  attention.  For  it  had  been 
nhown  (Ruhemann  and   Stapleton,  loc.  cit. ;  see  also  Hantzsch  and 
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Silberrad,  Ber.,  1900,  33,  83)  that  tetrazoline  forms  the  spariogly 
soluble  compound,  (C2H^N4)2,PtCl4,  and,  therefore,  we  had  expected 
that  this  substance  would  be  precipitated  along  with  the  platini- 
chlorides  of  the  condensation  products.  This  circumstance  has 
rendered  it  necessary  to  re-examine  the  behaviour  of  platinic  chloride 
towards  tetrazoline.  We  have  been  surprised  to  find  that  the  hydro- 
chloride, after  crystallisation  from  alcohol,  does  not  yield  the  sparingly 
soluble  yellow  precipitate,  (C2H^lSr4)2jI'tCl^,  but  orange  crystals  of  the 
normal  platinichloride,  (C2H^lS'^)2)H2PtClg,  which  are  readily  soluble 
in  water.  After  many  unsuccessful  experiments  to  obtain,  again,  the 
yellow  additive  product,  we  have  observed  that  it  is  formed  from 
tetrazoline  hydi'ochloride  before  recrystallisation.  Although  the  salt 
before  and  after  crystallisation  has  the  same  melting  point  (151 — 152°), 
yet  the  different  behaviour  of  the  two  specimens  leads  to  the  view 
that  they  correspond  to  the  tautomeric  forms 

NH<^^^>NH,HC1  and  NH<^^^;^>N,HC1. 

The  correctness  of  this  explanation  of  the  phenomenon  is  supported 
by  the  fact  that  the  alcoholic  mother  liquor  of  the  crystals  of  tetr- 
azoline hydrochloride  yields  the  yellow  platinum  compound,  and  that 
aqueous  solutions  of  the  orange  platinichloride  very  slowly  deposit  a 
solid  which  we  have  proved  to  be  the  additive  product  of  platinic 
chloride  with  tetrazoline. 

The  results  arrived  at  in  the  course  of  the  study  of  tetrazoline  have 
induced  us  to  examine,  on  similar  lines,  dimethyltetrazoline, 

We  have  found  that  this  base  behaves  in  many  respects  differently 
from  tetrazoline.  Whilst  the  latter  compound  i-eacts  with  mercuric 
chloride  to  yield  the  substance  2C2H^lSr4,3HgCl2  (see  Euhemann  and 
Stapleton,  loc.  cit.),  the  additive  product  of  dimethyltetrazoline  with 
the  metallic  chloride  has  the  composition  C^HgN^.HgCIo-  Aldehydes, 
which,  in  the  presence  of  piperidine,  so  readily  condense  with  tetr- 
azoline, do  not  react  with  its  dimethyl  derivative. 

Dimethyltetrazoline,  however,  yields  with  platinic  chloride,  besides 
the  orange  normal  platinichloride  which  is  exceedingly  soluble  in 
water,  a  very  small  quantity  of  the  insoluble  yellow  additive  compound 
(C4H3N,)2,PtCl,. 

The  action  of  methyl  iodide  also  seems  to  be  similar  to  the  behaviour 
of  the  iodide  towards  tetrazoline.  We  have  not  yet  completed  the 
study  of  this  reaction,  but  can  state  already  that  a  substance  is  formed 
which,  like  the  iodide,  CgH^N^Ig,  is  decomposed  by  water  with  the 
liberation  of  iodine. 
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Experimental. 


The  tetrazoline  required  for  this  research  has  been  prepared  in  the 
same  way  as  before  (Ruhemann  and  Stapleton,  Trans.,  1899,  75,  1132), 
with  the  exception  that  the  solution  which  is  produced  by  the  action 
of  ethyl  formate  on  hydrazine  hydrate  has  been  freed  from  the  water 
by  warming  it  in  a  distilling  flask  at  40 — 50°  under  diminished 
pressure,  and  then  continuing  the  heating  to  200°  under  the  ordinary 
pressure.  This  method  recommends  itself  as  being  more  expedient 
than  the  removal  of  the  water  from  the  solution  of  formylhydrazine 
in  a  vacuum  at  the  ordinary  temperature.  For  the  purification  of  the 
tetrazoline,  it  is  advisable  to  crystallise  the  residue  which  is  left  after 
heating  from  a  mixture  of  chloroform  and  alcohol  instead  of  adopting 
Hantzsch  and  Silberrad's  plan  {Der.,  1900,  33,  85)  by  ti-ansforming  it 
into  the  hydrochloride,  and  then  isolating  the  base  by  means  of  silver 
oxide.  For,  on  boiling  the  solution  of  tetrazoline  hydrochloride  with 
the  oxide,  partial  oxidation  takes  place  and  the  filtrate  contains  silver  ; 
this  fact  renders  it  necessary  to  purify  the  residue  which  is  left 
behind  on  evaporation  by  dissolving  it  in  alcohol  and  precipitating 
the  solution  with  ether. 

Action  of  Platiiiic  Chloride  on  Tetrazoline. 

Ruhemann  and  Stapleton  (loc.  cit.),  in  studying  the  properties  of 
tetrazoline,  found  that  its  hydrochloride  yields  a  canary-yellow  crystal- 
line precipitate  with  the  composition  (C2H^N4)2,PtCl4.  The  same 
observation  had  been  made  by  Hantzsch  and  Silberrad  {loc.  hit.).  On 
repeating  this  reaction,  we  have  been  surprised  to  obtain,  instead  of 
the  sparingly  soluble  yellow  additive  product,  the  noi'mal  platini- 
chloride,  (C2H4Nj5,,H2PtCl„.  This  separates  in  glittering,  orange 
plates  which  are  rather  soluble  in  cold  water ;  therefore  concentrated 
solutions  of  tetrazoline  hydrochloride  and  platinic  chloride  are 
necessary  for  the  preparation  of  this  salt.  For  analysis,  it  has  been 
washed  with  alcohol  and  dried  at  100°. 

0-1873  gave  32  Sec.  moist  nitrogen  at  22°  and  746mm.  N  =  19-45. 
0-2248,  on  ignition,  left  00791  Pt.    Pt  =  33-69. 

(CoH^NJg.HgPtCle  requires  N=  19-38  ;  Pt  =  33-71  per  cent. 

This  result  became  even  more  inexplicable  when  we  ascertained 
that  specimens  of  tetrazoline  hydrochloride  from  former  preparations 
also  did  not  give  the  insoluble  yellow  platinum  compound,  but  the 
soluble  ovange  platinichloride.  Light  was  thrown  on  this  remarkable 
phenomenon  when  we  found  that  tetrazoline  hydrochloride,  which  is 
formed  by  evaporating  a  solution  of  the  base  in  hydrochloric  acid  on 
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the  water-bath,  immediately  yields  with  platinic  chloride  the  yellow 
precipitate,  identical  iu  properties  and  composition  with  the  product 
which  we  had  previously  describovl. 

0-2378,  on  ignition,  left  0-0918  Pt.     Pb  -  38-60. 
0-2390  „  „    0-0920  Pt.     Pt  =  38-49. 

(C2H^N4)2,Pt01^  requires  Pt  =  38-58  per  cent. 

But  the  hydrochloride,  after  crystallisation  from  absolute  alcohol, 
although  it  melts  at  the  same  temperature  (151 — 152°)  as  the  specimen 
obtained  by  evaporation,  forms  the  orange  normal  platinichloride ;  on 
the  other  hand,  the  alcoholic  mother  liquor  from  the  crystals  of  the 
hydrochloride  yields  the  canary-yellow  platinum  compound.  It  there- 
fore follows  that  tetrazoline  hydrochloride  exists  in  two  isomeric 
forms  which  are  interchangeable.  This  conclusion  is  supported  by  the 
fact  that  the  aqueous  solution  of  the  orange  platinichloride,  on  stand- 
ing, very  gradually  deposits  a  yellow  precipitate  of  the  additive 
product. 

0-0915,  on  ignition,  left  00365  Pt.     Pt  =  38-62. 

(C2H^N4)2,PtCl4  requires  Pt  =  38-58  per  cent. 

The  platinichloride,  (C2H4N4)2,H2PtClg,  on  heating  in  a  melting- 
point  tube,  first  darkens,  and  at  about  220°  becomes  lighter  in  colour, 
being  transformed  most  probably  into  the  yellow  additive  product. 
This  phenomenon  is  analogous  to  the  behaviour  of  the  platinichloride 
of  pyrazole  (see  Balbiano,  Ber.,  1890,  23,  1107). 

Hantzsch  and  Silberrad  {loc.  cit.)  stated  that  the  additive  product 
(C2H^N4)2,PtCl4  is  formed  on  adding  platinic  chloride  to  the  aqueous 
solution  of  tetrazoline ;  we  find,  however,  that  in  this  case  also  the 
orange  normal  platinichloride  is  produced,  and  we  have  verified  its 
composition  by  a  platinum  determination. 

0-2043,  on  ignition,  left  0-0689  Pt.     Pt  =  33-72. 

(C2H4N4)2,H2PtClg  requires  Pt  =  33-71  per  cent. 

Action  of  Methyl  Iodide  on  Tetrazoline. 

This  reaction  furnishes  a  substance  crystallising  in  dark  blue  prisms 
and  a  colourless  compound.  On  account  of  the  ease  with  which  the 
coloui-ed  product  is  attacked  by  water,  it  is  difficult  to  fix  its  com- 
position by  analysis.  From  the  analytical  results,  Ruhemann  and 
Stapleton  (Trans.,  1902,  81,  261)  had  deduced  the  expression 
C3HQN4I3.  We  have  stated  (see  p.  1768)  that  this  compound  contains 
two  hydrogen  atoms  less,  and  therefore  is  CgH^N^Ig.  The  difference 
in  the  percentage  compositions  of  those  formulae  are  only  very  slight, 
as  shown  in  the  foUowinar  table  : 
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C3H9N4I3  requires  C  =  7-47  ;H=  1-87  ;N=  11-62;  1  =  79-04  per  cent. 
C3H7N4I3        „     0  =  7-50 ;  H=  1-46  ;N=  11-67;  1  =  79-37       „ 

That  the  blue  compound  has  the  formula  C3Hj.Isr4l3  is  proved  by  the 
fact  that  on  mixing  the  colourless  substance,  CgH^N^I,  and  iodine 
dissolved  in  methyl  alcohol  and  allowing  the  solution  to  remain  in  the 
desiccator  for  a  short  time,  blue  needles  separate,  which  in  melting 
point  (102 — 103°)  and  other  properties  are  identical  with  the  product 
of  the  action  of  methyl  iodide  on  tetrazoline.  These  compounds.,  as 
has  been  stated  (see  p.  1768),  should  be  represented  thus  : 

NH<^¥2;^>N,CH3l  and  NH<^la'^>NI,CH3l. 


Action   of  Aldehydes   on    Tetrazoline. 

Benzylidenetetrazoline,  OgHgN^'.OH'OgHg. 

This  compound  is  formed  by  adding  a  few  drops  of  piperidine  to  the 
mixture  of  tetrazoline  (2  grams)  dissolved  in  absolute  alcohol  and 
benzaldehyde  (2-6  grams).  In  the  course  of  a  few  hours,  the  whole 
sets  to  a  semi-solid  mass  of  crystals,  which  are  sparingly  soluble  in 
carbon  disulphide,  readily  so,  however,  in  chloroform  or  alcohol,  and 
which  crystallise  from  the  latter  solvent  in  colourless  needles  melting 
at  171°. 

0-2004  gave  0-4595  CO.,  and  0-0857  H2O.     C  =  62-53  ;  H  =  4-74. 
0-2024     „     0-4659  CO2    „    0-0838  H^O.     0  =  62-77;  H  =  4-60. 
0-1776     „     49-8  c.c.  moist  nitrogen  at  17°  and  756  mm.  N  =  32-35. 
C9H3N4  requires  C  =  62-79  ;  H  =  4-65;  N  =  32-55  per  cent. 

Benzylidenetetrazoline  readily  dissolves  in  dilute  hydrochloric  acid 
with  partial  hydrolysis,  and  the  solution  yields  with  platinic  chloride 
a  yellow  platinichloride  which  is  insoluble  in  water. 

0-1840  gave  25  c.c.  moist  nitrogen  at  23°  and  743  mm.     N=  14-95. 
0-1371,  on  ignition,  left  0-0356  Pt.     Pt=  25-96. 

(CyH8N4)2,H2PtCl6  requires  N  =  14-85  ;  Pt  =  25-85  per  cent. 


.  (1)  (2) 

o-Nitrohenzylidenetetrazoline,  CgHgN^ICH'OgH^'NOg. 

On  adding  piperidine  to  the  alcoholic  solution  of  the  mixture  of 
tetrazoline  (1  gram)  and  o-nitrobenzaldehyde  (1-8  grams),  no  solid 
deposits  until  it  has  been  standing  five  to  six  days,  and  the  separation, 
which  is  very  small,  ceases  after  about  a  week.  The  condensation 
product  readily  dissolves  in  boiling  alcohol,  and,  on  cooling,  crystallises 
in  colourless,  stout  prisms  which  melt  at  121 — 122°. 
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0-1454  gave  40  c.c.  moist  nitrogen  at  20°  and  742  mm,     N  =  32-22. 
CgH^OgNg  requires  N  =  32-25  per  cent. 

(1)  (3) 

m.-Nitrohenzylideiieteto'azoline,  C.^HgN^ICH-CgH^'NOg. 

The  action  of  piperidine  on  a  mixture  of  tetrazoline  (1  gram)  and 
m-nitrobenzaldeliyde  (1-8  grams)  dissolved  in  alcohol  takes  place 
rapidly,  the  solution  setting  to  a  magma  of  crystals  on  standing  over- 
night. The  substance  is  sparingly  soluble  in  chloroform ;  it  dissolves 
with  difficulty  in  boiling  alcohol,  and  crystallises  from  this  solution  in 
colourless  needles  which  melt  at  225°. 

0-2005  gave  0-3645  CO,  and  00574  H2O.     C  =  49-58;  H  =  3-18. 
0-1788     „     50-2  c.c.  moist  nitrogen  at  18°  and  754  mm.  1^  =  32-15. 
C9H7O2N5  requires  0  =  49-77  ;  H  =  3-22;  N  =  32-25  per  cent. 

(1)  (4) 

p-NitrobenzylidenetetrazoUne,  C^HoN^IOH'OgH^'NOg. 

This  compound  is  formed  by  adding  piperidine  (5 — 6  drops)  to  the 
mixture  of  jo-nitrobenzaldehyde  (rS  grams)  and  tetrazoline  (1  gram) 
dissolved  in  alcohol.  The  reaction  is  complete  after  a  few  hours,  and 
the  yield  of  the  solid  which  separates  is  almost  theoretical.  The  sub- 
stance is  sparingly  soluble  in  chloroform,  but  dissolves  in  a  large 
quantity  of  boiling  alcohol,  and,  on  cooling,  crystallises  in  slightly 
coloured  needles  which  melt  at  245°. 

0-2018  gave  0-3673  00^  and  0-0586  H2O.     0  =  49-63  ;  H  =  3-22. 
0-1889     „     53:8  c.c.  moist  nitrogen  at  20°  and  754  mm.     N  =  32-30, 
CgHyOalSTg  requires  0  =  49-77  ;  H  =  3-22  ;  N  =  32-25  per  cent. 

The  platinichloride  is  precipitated  in  the  form  of  light  yellow  needles 
on  adding  platinic  chloride  to  the  solution  of  the  ^-nitrobenzylidene- 
tetrazoline  in  dilute  hydi'ochloric  acid.  For  analysis,  it  is  washed 
with  water,  then  with  boiling  alcohol,  and  dried  on  the  water-bath. 

0-1712  gave  24-8  c.c.  moist  nitrogen  at  18°  and  764-5  mm.  N=  16-82. 
0-2318,  on  ignition,  left  0-0535  Pt.     Pt  =  23-08. 
(C9H702N5)2,H2PtCl6  requires  N  =  16-60  ;  Pt  =  23-05  per  cent. 

(1)  (2) 

o-Hydroxyhenzylidenetetrazoline,  CgH gN^I 0 H •  CgH^ -OH. 

In  the  presence  of  piperidine,  salicylaldehyde  (1-5  grams)  readily 
reacts  with  tetrazoline  (1  gram)  dissolved  in  alcohol,  the  Vvhole  setting 
to  a  semi-solid  mass  of  crystals  in  the  course  of  a  few  minutes.  The 
compound  freely  dissolves  in  hot  chloroform  or  alcohol,  and  crystallises 
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from  its  alcoliolic  solution  in  bunches  of  colourless  needles  which  melt 
at  204°. 

0-2020  gave  04257  CO2  and  0-0775  H2O.     C  =  57-47  ;  H  =  4-26. 
0-1752     „     45 -4  0.0.  moist  nitrogen  at  20°  and  765 -5  mm.    N  =  29-86. 
CgHgON^  requires  C  =  57-44  ;  H  =  4-15  ;  N  =  29-79  per  cent. 

o-Hydroxybenzylidenetetrazoline  readily  dissolves  in  dilute  hydro- 
chloric acid,  as  well  as  in  caustic  potash  and  sodium  carbonate,  the 
acid  solution  being  colourless,  the  alkaline  yellow.  On  adding  a  little 
ferric  chloride  to  the  alcoholic  solution,  a  purple  coloration  is  produced 
which,  by  an  excess  of  the  chloride,  is  changed  to  yellowish-green. 

.(1)  (4) 

^-IlydroxyhenzyUde'netetrazoline,  GJl.^i'^^'^^i^^- 

The  action  of  piperidine  on  the  alcoholic  solution  of  the  mixture  of 
j9-hydroxybenzaldehyde  and  tetrazoline  is  slower  than  in  the  former 
case,  and  requires  two  to  three  days  for  completion.  The  substance 
is  only  sparingly  soluble  in  cold  alcohol,  readily,  however,  when  hot, 
and,  on  cooling,  crystallises  in  yellow  needles  which  melt  at  240°. 

0-2009  gave  0-4210  CO^  and  0-0798  H^.      C  =  57-15  ;  H  =  4-41. 
0-1786     „     46-4  c.c.  moist  nitrogen  at  21°  and  765-5  mm.  N  =  29-77. 
CgHgON^  requires  C  =  57 -44;  H  =  4-15;  N  =  29  79  per  cent. 

The  compound  resembles  in  its  properties  the  former  substance, 
with  the  exception  that  its  alcoholic  solution  gives  a  yellow  coloration 
with  ferric  chloride. 

Cinnamylidenetetrazoline,  CgHgN^ICH'CHICH'CgHg. 

The  alcoholic  solution  of  the  mixture  of  tetrazoline  (1  gram)  and 
cinnamaldehyde  (1-6  grams),  when  treated  with  a  few  drops  of  piper- 
idine, begins  to  deposit  a  solid  after  a  few  hours,  and  the  reaction  is 
complete  in  two  days.  The  substance  which  is  formed  is  insoluble  in 
ether  or  carbon  disulphide,  but  dissolves  readily  in  chloroform  or 
boiliug  alcohol,  and  separates  from  the  alcoholic  solution  in  colourless 
needles  which  melt  at  187°. 

0-2008  gave  0-4904  COg  and  0-0913  H.p.     0  =  6660;  H  =  5-05. 
0-1649     „     40-8  c.c.  moist  nitrogen  at  20°  and  768  mm.     N  =  28-04. 
CjiH^o^^  requires  0  =  66-67;  H  =  5-05;  N  =  28-28  per  cent. 

Piperonylidenetetrazoline,    Q.^.^ ^.OK{\yG^^^<^i'^^Q^GYi.^. 

Piperonaldehyde  (1-8  grams)  and  tetrazoline  (1  gi'am)  react  on 
adding  piperidine  (5  drops)  to  the  alcoholic   solution  of  the   mixture. 
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The  solid  which  separates  is  collected  after  two  days  ;  it  dissolves  with 
difficulty  in  boiling  alcohol  and,  on  cooling,  crystallises  in  colourless 
pyramids  which  melt  at  185 — 186°. 

0-2000  gave  0-4075  CO2  and  0-0650  H^O.    0  =  55-56;  H  =  3-61. 
0-1736     „     39  c.c.  moist  nitrogen  at  20°  and  765-5  mm.  N  =  25-89. 
CjoHgOgN^  requires  C  =  55-55  ;  H  =  3-70  ;  N  =  25-92  per  cent. 

(1)  (3)  (4) 

VanillUenetetrazoline,  Q.^^^^.{:ti.-(^Q^^{0'(^K^(ijH.). 

This  compound  is  produced  fi-om  tetrazoline  (1  gram)  and  vanillin 
(1*8  grams)  under  the  influence  of  piperidine,  and  its  formation  is 
completed  if  the  alcoholic  solution  of  the  mixture  has  been  left  for 
four  days.  The  substance  which  separates  is  sparingly  soluble  in 
chloroform ;  it  dissolves  with  difficulty  in  boiling  alcohol,  and 
crystallises  from  the  alcoholic  solution  in  slightly  pink  prisms  melting 
at  215—216°. 

0-2002  gave  0-4035  CO2  and  0-0838  H^O.     C  =  54-96;  H=4-65. 
0-1766     „     39-6  c.c.  moist  nitrogen  at  21°  and  767-5  mm.  jSr=  25-76 

^ioHioC>2^4  requires  0  =  55-04  ;  H  =  4-59  ;  N  =  25-68  per  cent. 
The  alcoholic  solution  of  this  compound  yields  with  ferric  chloride 
a  yellowish-green  coloration. 

(1)  (3)  (4'> 

3  :  i'Dihijdroxybenzylidenetetrazoline^   Q.^H..^ ^.(Mi.'C^^(iJ\l){OK), 

The  alcoholic  solutions  of  tetrazoline  (1  gram)  and  protocatechuic 
aldehyde  (1-7  grams)  are  mixed,  and  piperidine  (6  drops)  added,  when 
in  the  course  of  a  few  hours  the  whole  sets  to  a  semi-solid  mass  of 
crystals,  which  are  sparingly  soluble  in  boiling  alcohol,  dissolve  with 
difficulty  in  glacial  acetic  acid,  and  crystallise  from  either  solution  in 
groups  of  yellow  needles  ;  these  begin  to  blacken  at  about  250°  and 
melt  at  259°  with  decomposition. 

01913  gave  0-3702  CO2  and  00716  H2O.     C  =  52-78;  H  =  4-15. 
0-1726     „     42-4C.C.  moist  nitrogen  at  20°  and  740-5  mm.  N  =  27-36. 
CgHgOgN^  requires  C  =  52-94  ;  H  =  3-92  ;  N  =  27-45  per  cent. 

This  substance  dissolves  as  well  in  dilute  hydrochloric  acid  as  in 
sodium  carbonate,  and  the  solutions  are  respectively  colourless  and 
deep  yellow.  The  alcoholic  solution  gives  with  ferric  chloride  a  deep 
green  coloration. 
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,  (1)  (4) 

i-DimethylaminohenzylidenetetrazoUne,  Q^^^.Q^'G^^'l^iGK^^' 

This  substance  is  deposited  from  the  alcoholic  solution  of  the 
mixture  of  tetrazoline  (1  gram),  p-dimethylaminobenzaldehyde  (1*8 
grams),  and  piperidine  (5 — 6  drops),  the  separation  being  complete 
after  five  days  ;  it  readily  dissolves  in  boiling  alcohol,  and,  on  cooling, 
crystallises  in  yellow  prisms  which  melt  at  194 — 195°. 

0-2002  gave  0-4494  CO^  and  0-1112  H^O.    0  =  61-22;  H  =  6-12. 
0-1447     „     40-9  c.c.  moist  nitrogen  at" 20°  and  765  mm.     N  =  32-54. 
O11HJ3N5  requires  0  =  61-39;  H  =  6-05;  N  =  32-55  per  cent. 

Furfurylidenetetrazoline,  O2H0N4!  OH* C^HgO. 

The  condensation  of  tetrazoline  (1  gram)  with  furfuraldehyde 
(1-2  grams)  takes  place  readily  on  adding  a  few  drops  of  piperidine  to 
the  alcoholic  solution  of  the  mixture.  The  solid  which  is  formed  on 
standing  overnight  is  insoluble  in  carbon  disulphide ;  it  dissolves  with 
difficulty  in  chloroform,  readily,  however,  in  boiling  alcohol  and,  on 
cooling,  crystallises  in  light  brown  needles  which  melt  at  207°. 

0-2022  gave  0-3835  OO2  and  0-0678  HgO.    0  =  51-72;  H  =  3-72. 
0-1574     „     47-8  c.c.  moist  nitrogen  at  23°  and  769  mm.  ]Sr  =  34-61. 
C^HgON^  requires  0  =  5 1-85  ;  H  =  3-70  ;  N  =  34-56  per  cent. 

'The  platinichloride  is  precipitated  in  the  form  of  yellow  needles 
on  mixing  the  solution  of  furfurylidenetetrazoline  in  dilute  hydro- 
chloric acid  with  platinic  chloride. 

0-1910  gave  26-2  c.c.  moist  nitrogen  at  21°  and  743-5  mm.  N=15'25. 
0-1533,  on  ignition,  left  0-0406  Pt.     Pt  =  26-48. 
(07H60N4)2,H2PtOl6  requires  N=  15-26  ;  Pt  =  26-55  per  cent. 

Hydrolysis  of  Benzylidenetetrazoline. 

The  hydrolysis  takes  place  on  boiling  the  solution  of  benzylidene- 
tetrazoline in  dilute  hydrochloric  acid  for  15 — 20  minutes.  The 
liquid,  when  cold,  is  freed  from  benzaldehyde  by  extraction  with  ether, 
and  the  aqueous  layer  evaporated  on  the  water-bath.  The  solid  which 
is  left  crystallises  from  alcohol  in  transparent  leaflets  which,  in  melting 
point  (151 — 152°)  and  other  properties,  are  identical  with  tetrazoline 
hydrochloride.  This  identity  has  been  further  established  by  the  pre- 
paration and  analysis  of  the  platinichloride. 

0-2352,  on  ignition,  left  0-0797  Pt.     Pt  =  33-88. 

{C.^B.^'N^)2,B.2PiC\^  requires  Pt  =  33'71  per  cent. 
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Dimethyltetrazoline. 

We  have  prepared  this  substance  by  heating  mono-acetylhydrazine 
(see  Pellizari,  Atti  R.  Accad.  Lincei,  1899,  [v],  8,  327).  We  have 
stated  before  (p.  1771)  that  it  differs  in  some  of  its  properties  from 
tetrazoline. 

Curtius  and  Lang  (/.  pr.  Chem.,  1888,  [ii],  38,  552),  in  the  course 
of  their  researches  on  ethyl  diazoacetate,  obtained  three  isomeric 
compounds  which  they  regarded  as  tripolymerides  of  diazomethane, 
CgHgNg.  Since  Hantzsch  and  Silberrad  (Ber.,  1900,  33,  58)  have 
shown  that  two  of  these  substances  have  the  formula  C^^H^lSr^  and  are 
bisdiazomethane  and  teti-azoline,  the  composition,  CgHgJSTg.SHgCl^, 
which  Curtius  and  Lang  gave  to  the  additive  product  of  their  so- 
called  "  trimethintriazimide  "  with  mercuric  chloride,  cannot  be  cor- 
rect. This  conclusion  follows  already  from  the  comparison  of  the  per- 
centage of  nitrogen  which  they  found — 1052 — 'with  the  value — 8*95 — 
required  for  their  formula.  Kuhemann  and  Stapleton  (Trans.,  1899, 
75,  1133)  have  found  that  the  composition  of  the  additive  product  which 
is  formed  from  tetrazoline  and  mercuric  chloride  is  2C2H4N^,3HgCl2, 
and  have  deduced  it  from  two  estimations  of  the  mercury.*  We  have 
now  vei'ified  this  formula  by  the  following  nitrogen  determination. 

0-2002  gave  19-5  c.c.  moist  nitrogen  at  17° and  765-5  mm.  N=  11-39. 
2C2H4N4,3HgCl2  requires  N  =  11-41  per  cent. 

Dimethyltetrazoline,  however,  yields  the  compound  C4H8N4,HgCl2. 
This  is  formed  as  a  white,  crystalline  solid,  which  is  soluble  in  boiling 
water,  on  mixing  aqueous  solutions  of  tetrazoline  and  mercuric 
chloride ;  the  white  precipitate  which  is  first  produced  dissolves,  but 
becomes  permanent,  if  an  excess  of  the  metallic  chloride  is  added. 

0-2065  gave  25-8  c.c.  moist  nitrogen  at  17°  and  762-5  mm.  N=  14-54. 
0-3133  gave  0-1882  HgS.     Hg  =  51-80. 

C^HsN^jngCla  requires  N  =  14-62 ;  Hg  =  52-22  per  cent. 

Dimethyltetrazoline  hydrochloride  yields  with  platinic  chloride 
the  normal  platinichloride.  On  account  of  the  ease  with  which  this 
salt  dissolves  in  water,  it  is  necessary  to  use  solutions  of  the  reagents 
in  absolute  alcohol,  and  to  proceed  as  follows.  Dimethyltetrazoline  is 
dissolved  in  alcohol  and  mixed  with  alcoholic  solutions  of  hydrogen 
chloride  and  platinic  chloride,  when,  on  cooling,  the  platinichloride 
separates  in  orange  prisms  which  are  scarcely  soluble  in  cold  alcohol 
and  decompose  at  256°. 

*  Owing  to  a  misprint,  Hgl  was  indicated  in  the  lirst  record  of  the  determination, 
instead  of  HgS. 
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01930  gave  294  c.c.  moist  nitrogen  at  17°  and  761-5  mm.  N  =  17-70. 
0-2213,  on  ignition,  left  0-0684  Pt.     Pt  =  30-90. 

(C4HgN^)2,H2PtC)6  requires  N  =  17-67  ;  Pt  =  30-73  per  cent. 

The  aqueous  solution  of  the  platinichloride,  when  left  for  a  long 
time,  deposits  traces  of  a  yellow  solid.  This  substance,  no  doubt,  is 
identical  with  the  yellow  prisms  which  are  formed  if  the  solution  of 
dimethyltetrazoline  in  hydrochloric  acid  is  evaporated  on  the  water- 
bath  and  platinic  chloride  added  to  the  aqueous  solution  of  the  residue. 
The  yellow  crystals  which  gradually  separate  are  insoluble  in  water  ; 
but  the  yield  is  very  small. 

0-1260,  on  ignition,  left  0-0437  Pt.     Pt  =  34-68. 

(C4HsN4)2,PtCl4  requires  Pt  =  34-73  per  cent. 

The  behaviour  of  aldehydes  towards  tetrazoline  has  induced  us  to 
examine  whether  these  compounds  condense  with  dimethyltetrazoline 
in  a  similar  manner.  Our  hope,  however,  that  this  base  would  be  iso- 
merised  and  then  react  with  aldehydes,  thus  : 

2CH3-C<^.^^>CH-CH3  +  CgHg-CHO  = 

has  not  been  realised.  No  reaction  took  place,  even  although  the 
alcoholic  solution  of  the  mixture  of  the  base,  benzaldehyde  and 
piperidine,  was  left  for  two  weeks.  But  the  isomerisation  of  dimethyl- 
tetrazoline seems  to  be  effected  by  methyl  iodide,  for  on  heating  the 
base  in  methyl-alcoholic  solution  with  an  excess  of  methyl  iodide  in  a 
closed  tube  at  100°  for  five  to  six  hours,  an  inflammable  gas  (probably 
methyl  ether)  is  produced,  and  a  brown  solution  is  formed.  If  the 
latter  is  concentrated  on  the  water-bath,  a  solid  separates  which  dis- 
solves in  boiling  chloroform  and,  on  cooling,  crystallises  in  brown 
needles  melting  at  101°.  We  have  not  yet  completed  the  study  of 
this  compound,  but  have  already  ascertained  that  its  behaviour  is 
similar  to  that  of  the  blue  substance,  CgH^-N^Ig,  which  is  formed 
from  teti'azoline,  since  it  is  decomposed  by  water  with  the  liberation 
of  iodine. 

GONVILLE   AND    CaIUS    COLLEGE, 

Cambridge. 
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CLXXII. — Gree7i    Compounds    0/     Cobalt  produced    hy 
Oxidising  Agents. 

By  Reginald  Graham  Dubeant,  M.A. 

In  1862,  F.  Field  (Quart.  Journ.  Chem.  Soc,  14,  51)  discovered 
that  "  when  nitrate  of  cobalt  is  added  to  a  solution  of  bicarbonate  of 
soda  containing  a  small  quantity  of  the  hypochlorite  of  that  alkali,  an 
intense  and  beautiful  green  colour  is  produced,  and  no  elimination  of 
carbonic  acid  results." 

Many  years  later,  F.  Kehrmann  {Ber.,  1886,  19,  3101)  obtained 
crystallised  potassium  cobaltic  oxalate,  Co2K^(C204)(;,6H20,  by  slow 
atmospheric  oxidation  of  cobaltous  hydroxide  mixed  with  certain  pro- 
portions of  potassium  oxalate,  oxalic  acid,  and  water.  This  substance 
exhibits  dark  blue  and  green  dichroism. 

Gibson  {Proc.  Roy.  Soc.  Edin.,  1890,  17,  56)  showed  that  a  green 
colour  ia  produced  by  bromine  in  presence  of  sodium  carbouate,  as 
well  as  by  hypochlorites. 

H.  Marshall  (Trans.,  1891,  59,  760)  obtained  Kehrmann's  potassium 
cobaltic  oxalate  by  electrolysis,  and  similarly  the  ammonium  compound, 
Co2(NH4)g(C204)(;,6H20,  in  the  form  of  very  dark  dichroic  prisms 
which  dissolve  readily  in  water,  giving  a  green  solution.  Marshall 
also  prepared  cobaltic  sulphate,  002(804)3,181120,  and  cobalt  alum  in 
the  form  of  dark  blue  octahedrons. 

The  author  {Proc,  1896,  12,  96)  obtained  a  green  solution  by  the 
action  of  hydrogen  peroxide  on  solutions  of  cobalt  salts  in  presence  of 
excess  of  alkali  hydrogen  carbonates,  and  expressed  a  belief  that  an  acid, 
H2C0O4,  was  present.  Later  in  the  same  year  {Proc,  12,  244),  green 
solutions  and  a  green  px-ecipitate  were  obtained  by  the  use  of  various 
oxidising  agents  in  the  presence  of  bicarbonates.  From  these  further 
experiments,  the  green  solutions  were  regarded  as  containing  cobaltic 
carbonate,  Coo(C03)3,  whilst  the  precipitate  was  regarded  as  being 
possibly  the  carbonate  itself,  and  it  appeared  to  be  fairly  stable  in  an 
atmosphere  of  carbon  dioxide. 

The  following  year,  A.  H.  McConnell  and  E.  S.  Hanes  (Trans., 
1897,  71,  584)  published  a  paper  in  which  they  claimed  to  prove  that 
these  green  solutions  contain  cobaltites  of  the  alkali  metals,  where 
C0O2  takes  the  place  of  MnOg  in  the  manganites.  The  evidence 
adduced  in  favour  of  this  hypothesis  appears  to  rest  on  results  giving 
the  atomic  proportions  K  :  Co  : :  2  :  1,  and  on  the  circumstance  that  an 
acid  reaction  was  obtained  with  a  colourless  filtrate  from  a  mixture  of 
cobaltous  hydroxide  and  hydrogen  peroxide.     This   colourless  solution 
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they  regarded  as  containing  cobaltous  acid,  HoCoO.,,  but  they  were 
unable  to  isolate  the  dioxide,  and  did  not  determine  the  ratio  of 
oxygen  to  metal. 

In  1900,  Andre  Job  {Ami.  Chim.  Fhys.,  [vii],  20,  214)  determined, 
by  a  volumetric  method,  the  ratio  of  cobalt  to  oxygen  in  the  green 
bicarbonate  solution,  and  estimated  the  cobalt  by  electrolytic  deposition 
of  the  metal.     The  atomic  ratio  Co  :0  was  2  :  3,  that  is,  2CoO  +  0  = 

CoA- 

The  action  of  neutral  hydrogen  peroxide  on  cobalt  salts  in  the  pre- 
sence of  alkali  hydrogen  carbonate  determines  an  evolution  of  carbon 
dioxide,  each  atom  of  oxygen,  in  oxidising  two  atoms  of  cobalt,  dis- 
engaging two  molecule    of  carbon  dioxide. 

Experimental, 
(a)    The  Green  Bicarbonate  Solutions. 

The  following  experiments  were  made  in  1897  to  obtain  additional 
evidence  as  to  the  state  of  oxidation  of  the  cobalt  in  these  green 
solutions. 

Solutions  containing  respectively  one-tenth  of  a  gram-molecule  of 
cobalt  nitrate  and  sulphate  were  mixed  with  potassium  hydrogen 
carbonate  and  excess  of  hydrogen  peroxide  heated  at  70°  or  80°  to 
remove  excess  of  peroxide,  cooled,  and  treated  with  potassium  iodide 
and  sufficient  hydrochloric  acid  to  decompose  the  carbonate.  The  iodine 
thus  liberated  was  estimated, 

/    i,   10  c.c,  of  JZ/IO  00(^03)2   finally  required   19-2  c,c.   of  i\^/10 
I  thiosulphate, 

ii.   10  c.c.   of  M/IO  Oo(N03)2  finally    required  19-5   c.c.    of   i^/10 

thiosulphate. 
iii,  5    c,c,    of    J//10    CoSO^   finally   required    20*5    c.c.    of    iV/20 

thiosulphate. 
iv.  5    c.c.   of    i//10    C0SO4    finally   required     19-3    c.c.    of    iV720 

thiosulphate. 
V.  5    c.c,    of    if/10    CoSO^   finally   required    21-0    c.c,    of    i\720 

thiosulphate.  

Mean   result  19*9    c,c. 

Theory  for  C02O3  would  require 20*0   c.c. 

Later  experiments  with  freshly  prepared  thiosulphate  solution 
fully  confirmed  the  above  results,  as  also  did  other  investigations  with 
Jf/lOO  hydrogen  peroxide,  in  which  it  was  found  that  the  necessary 
amount  of  the  peroxide  required  to  dissolve  completely  the  finely- 
divided  cobaltous  carbonate  precipitate  (not  quite  dissolved  by  excess 
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of  potassium  hydrogen  carbonate),  thereby  forming  the  green  solution, 
was  just  over  that  required  for  the  reaction 

2C0CO3  +  H2O2  +  XKHCO3  =  0020(003)2  +  H2O  +  xKHCOg. 

The  author  has  attempted  to  repeat  the  experiments  cited  by 
McConnell  and  Hanes  {loc.  cit),  more  particularly  with  the  object  of 
obtaining  the  colourless  acid  solution  supposed  to  contain  HgCoOgj 
but  it  was  found  that,  except  when  commercial  acid  hydrogen  peroxide 
was  used,  no  acid  filtrate  could  be  obtained. 

Pure,  moist,  pink  cobaltous  hydroxide,  precipitated  by  caustic 
potash,  was  prepared  in  an  atmosphere  of  hydrogen  and  repeatedly 
washed  in  that  atmosphere  until  the  filtrate  gave  no  trace  of  any 
potassium  compound.  This  filtrate  continued  to  give  an  alkaline 
reaction  owing  to  a  slight  solubility  of  cobaltous  hydroxide  in  water. 
Commercial  hydrogen  peroxide,  carefully  neutralised  by  barium 
hydroxide,  was  added  to  the  pink  hydroxide,  which  was  thereby 
oxidised  and  changed  to  an  olive-brown  colour.  The  filtrate  from  this 
brown  substance  still  remained  alkaline.  It  gave  a  green  colour  with 
potassium  hydrogen  carbonate,  owing  to  the  action  of  the  bicarbonate 
on  the  mixture  of  dissolved  cobaltous  and  cobaltic  hydroxides  in 
presence  of  the  hydrogen  peroxide  which  had  passed  into  the  filtrate. 

(b)  Green  Acetate  Solutions. 

The  green  colour  obtained  by  McConnell  and  Hanes,  due  to  the 
action  of  hydx-ogen  peroxide  on  cobaltous  hydroxide  in  presence  of 
potassium  acetate,  was  subsequently  obtained  by  the  author.  The 
absorption  spectrum  of  this  solution  differs  essentially  from  that  of 
the  bicarbonate  solution — a  fact  which  is  inconsistent  with  their 
statement  that  this  also  is  "  a  green  solution  of  potassium  cobaltite." 

Green  acetate  solutions  were  obtained  : 

i.  By  the  action  of  sodium  hypochlorite  on  a  mixture  of  cobalt 
chloride,  glycerine,  and  excess  of  sodium  acetate. 

ii.  By  the  action  of  hydrogen  peroxide  on  cobalt  sulphate  in  large 
excess  of  very  concentrated  potassium  acetate. 

iii.  By  the  action  of  acetic  acid  on  the  bicarbonate  green. 

Owing  to  the  comparative  instability  of  these  green  solutions, 
quantitative  examination  was  diflicult  and  the  results  obtained  were 
inconclusive. 

(c)  Green  Tartrate  Solutions. 

A  fairly  permanent  green  solution,  of  rather  a  yellower  tint  than 
that  of  the  bicarbonate  green,  is  obtained  in  concentrated  solutions  of 
sodium  tartrate,  providing  that  some  alkali  hydroxide  is  present.    Any 
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cobalt  salt  with  sodium  hypochlorite,  bromine,  or  hydrogen  peroxide 
may  be  used. 

Although  a  great  many  experiments  were  made  with  these  solutions, 
the  exact  nature  of  the  product  was  not  determined  definitely.  It 
appeared,  however,  probable  from  the  following  result  that  the  cobalt 
is  also  in  this  instance  in  the  cobaltic  state.  Using  in  each  case  a 
mixture  of  5  c.c.  of  J//10  cobalt  sulphate,  20  c.c.  of  concentrated 
aqueous  sodium  tartrate,  and  2 "5  c.c.  of  fif  potassium  hydroxide, 
placed  in  three  Nessler  jars,  it  was  found  that  if/ 10  hydrogen  peroxide 
produced  a  green  colour  without  evolution  of  oxygen. 

i.  2  c.c.  of  J//10  hydrogen  peroxide  gave  a  yellowish-green  tint 
which  became  browner  after  a  few  hours. 

ii.   2-5  c.c.  of  i//10  hydrogen  peroxide  gave  a  green  solution. 

iii.  3 "5  c.c.  of  J// 10  hydrogen  peroxide  gave  a  similar  green 
solution. 

These  two  solutions  (ii  and  iii)  remained  green  for  several  hours 
and  were  greenish-brown  after  three  days. 

The  hydrogen  peroxide  in  ii  was  in  proportion  for  the  reaction 
2CoO  -h  0  =  CogOg,  and  the  further  addition  in  iii  did  not  appear  to 
make  any  further  change  in  colour  or  stability. 

(d)  Green  Citrate  Solutions. 

An  alkaline  solution  of  potassium  citrate  gave  green  solutions  with 
hydrogen  peroxide  and  cobalt  sulphate — the  more  concentrated  the 
citrate  the  deeper  the  green  coloration.  In  very  concentrated  solu- 
tions, sodium  hypochlorite  furnished  a  good  green  colour,  but  bromine 
water  only  gave  yellow  tints. 

(e)    Green    Oxalate   Solutions   and   the    Green,    Crystalline   Potassium 
Cobaltic  Oxalate. 

Potassium  oxalate  precipitates  cobaltous  oxalate  from  solutions  and, 
if  concentrated,  redissolves  the  precipitate  to  form  the  deep  red 
solution  of  the  double  oxalate,  or  cobaltous  oxalate  may  be  dissolved 
in  excess  of  potassium  oxalate  to  form  the  red  solution. 

In  either  case,  the  addition  of  hydrogen  peroxide  brings  about  a 
reaction  which  gradually  causes  a  rise  in  temperature,  an  evolution  of 
oxygen,  and  the  formation  of  an  intense  bluish-green  solution.  If 
sufficiently  concentrated,  a  green,  crystalline  precipitate  forms  either  at 
once  or  on  cooling. 
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Preparation  of  Green  Potassium  Cobaltic  Oxalate  Crystals. 

One  hundred  c.c.  of  potassium  oxalate  solution  (saturated  at  15°) 
are  gently  warmed  and  cobalt  oxalate  powder  is  gradually  added, 
with  constant  stirring,  until  the  boiling  solution  will  dissolve  no  more. 
After  filtration,  an  additional  50  c.c.  of  the  saturated  potassium  oxa- 
late are  added,  the  temperature  is  raised  to  65°,  and  50  c.c.  of 
"  20  volume  "  hydrogen  peroxide  are  then  introduced  from  a  burette, 
the  liquid  being  stirred  throughout  the  experiment.  On  allowing 
to  cool,  the  green,  microcrystalline  precipitate  soon  begins  to  form. 

Considerable  care  was  taken  in  ensuring  the  comparative  purity  of 
the  crystals,  and  the  following  results  were  obtained  on  analysis. 
Firstly,  weighed  portions  of  the  salt  were  strongly  ignited,  roasted 
in  air,  and  the  residue  weighed.  This  residue  consisted  of  potassium 
carbonate  and  the  oxide  COgO^. 

Gram  of  crystals.  K0CO3  and  C03O4.  Per  cent. 

ci       t  \                     /  ^-  0-3665  '     0-2296  62-64 

'^'■^P^'*^     1  ii.  0-2415  0-1512  62-61 

(  iii.  0-4532  0-2S22  62-26 

Crop  (6)     iv.  0-8223  0-5123  62.30 

I  V.  0-5482  0-3416  62-31 

From       crop        (6)1  ^.  ^.^g^-^  ^.33^5  ^3.3^ 
2  months  later...  J 

From  the  residue  of  (a),  i,  after  dissolving  out  the  alkali  carbonate, 
KoCOg,  the  percentage  of  potassium  was  found  to  be  22-87,  whilst  that 
of  cobalt  was  16-26. 

From  the  residue  of  («),  ii,  by  converting  both  the  carbonate  and 
oxide  into  the  sulphates  K2SO4  and  C0SO4,  and  calculating  by  the 
simultaneous  equation  involved,  the  percentages  were  potassium  =  22-43 
and  cobalt  =  17-16.  Whence  the  average  percentage  from  crop  (a) 
was  potassium  =  22-65,  cobalt  =  1 6-71.  Including  these  and  further 
experiments  : 


CO2 

H2O 

Potassium. 

Cobalt. 

(combustion). 

(combustion) 

22-87 

16-26 

38-12 

10-28 

22-43 

17-16 

38-43 

10-55 

22-30 

16-67 

22-53  16-63  38-27  10-41 


For   100  grams  of 
the  crystals 

Mean  values  from  "I 
experiment J 

Calculated  values 

for  i,  [K2Co(C20,).3,2H20]20  : 

K  =  21-87;  00  =  16-43;  00,  =  37-01;  H20  =  10-10  per  cent, 
for  ii,  [Yi.po{Gf>,)„21ip]n : 

K  =  22-37;  CO  =  16-81;  00^  =  37-86;  H.0  =  10-32  per  cent. 
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From  these  numbers  it  appears  that  either  formula  would  agree 
fairly  well  with  the  experimental  results. 

In  a  former  communication  (Brit.  Assoc.  Report,  1898,  p.  840), 
the  second  formula,  with  n  —  2,  was  suggested  as  being  probable,  the 
previously  acquired  atom  of  oxygen  being  lost  and  the  cobalt  atoms 
uniting.  This  statement  was  based  on  the  iodine-liberating  power  of 
the  crystals,  which  appeared  to  be  much  lower  than  the  first  formula 
would  require. 

Since  then  larger  quantities  of  the  crystals  have  been  carefully 
tested  in  sodium  iodide  dissolved  in  normal  hydrochloric  acid  with 
the  following  results  : 

Percentage  of  available  oxygen:  i,  1-93;  ii,  2-14;  iii,  2-12; 
iv,  1-91.     Mean  =  2-02. 

Calculated  from  formula,  [K2Co(C204)2,2H20]0  =  2-24. 

Whence  it  appears  that  about  9/lOths  of  the  calculated  oxygen  are 
liberated  at  once.  A  series  of  parallel  experiments,  where  the  weight 
calculated  for  iodine  was  similarly  mixed  with  sodium  iodide  and 
hydrochloric  acid,  revealed  the  fact  that  the  further  slow  liberation 
of  iodine  (after  initial  titration)  was  greater  when  the  oxalates  were 
present  than  when  they  were  absent,  showing  that  a  small  retarding 
action  is  induced  by  the  presence  of  these  oxalates. 

The  above  experiments  show  that  the  cobalt  is  in  the  cobaltic  state. 

The  formation  may  be  represented  by  the  equation 

2X200(0204)2  +  3H2O  +  H2O2  =  [K20o(0204)2,2H20]20, 

the  product  probably  having  the  following  structural  formula  : 

C02K-C(0H),-0^p    ^  p  ^0-0(OH)2-002K 
002K-0(0H)2-0^^°^    ^   ^^0-0(OH)2-C02K' 

The  apparent  value  of  31  was  deduced  from  experiments  on  the 
lowering  of  freezing  point  in  aqueous  solution  : 

For  7-32    crystals  in  1000  water,     if  =177. 
For  4-238         „  „  ,,         J/=lG2-4. 

The  above  structural  formula  would  suggest  5  ions  (4  potassions 
and  one  complex  ion).  If  ionisation  were  complete,  the  theoretical 
value  for  M  would  be  139-6. 

The  evidence  therefore  points  to  considerable  ionisation  in  this 
manner,  and  does  not  indicate  the  formation  of  cobalt  ions. 

These  results  are  also  in  keeping  with  the  spectroscopic  observations 
of  various  cobalt  greens.  These  showed  marked  differences  in  their 
absorption  bands,  thereby  indicating  different  associations  of  the  cobalt 
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in  the  various  complex  ions.  A  deposit  of  oxidised  cobalt  on  the  anode , 
when  a  solution  of  these  crystals  is  electrolysed,  also  points  to  the 
same  conclusion. 

Properties  of  the  Potassium  Cohaltic  Oxalate  Crystals. 

The  crystals  were  examined  under  the  microscope  and  tracings  were 
made  with  the  aid  of  the  camera  lucida.  They  are  rhombs,  of  the 
rhombohedral  system,  with  an  acute  angle  of  42°.  The  ammonium 
compound  crystallises  in  rhombic  prisms. 

The  solubility  in  water  was  determined 

at  12-5°  13-5°  14-4°  17-5° 

Solubilities:      5-65  6-04  6-47  7-8  in  1000 H^. 

The  solubility  curve  is  practically  a  straight  line. 

The  crystals  appear  to  be  practically  insoluble  in  a  strong  solution 
of  potassium  oxalate,  differing  in  this  respect  from  the  red  crystals, 
K2Co(C204).2,6H20,  which  are  very  soluble. 

Action  of  Acids. — Minei'al  acids  gradually  change  their  colour  to 
pink,  but  the  crystals  remain  unchanged  for  years  in  glacial  acetic 
acid.     Aqueous  acetic  acid  slowly  effects  a  decomposition. 

Action  of  Ammonium  Oxalate. — Warm  saturated  ammonium  oxalate 
solution  dissolves  the  crystals  forming  a  dark  green  solution,  from 
which  the  ammonium  compound  crystallises  out  in  green,  rhombic 
prisms. 

Action  of  Calcium  Chloride. — A  solution  of  this  salt  gives  no  preci- 
pitate of  calcium  oxalate  when  added  to  a  dilute  solution  of  potassium 
cobaltic  oxalate ;  if  added  to  a  saturated  solution,  a  green,  crystalline 
precipitate  forms  which  under  the  microscope  shows  very  long  prisms. 
This  substance  is  completely  decomposed  at  100°,  whereas  the  potass- 
ium compound  is  hardly  affected  at  this  temperature. 

0'3157  gram,  from  the  calcium  compound  thus  decomposed,  gave  on 
analysis  a  ratio  of  calcium  to  cobalt  =  Ca^  :  Co^.  Probably  the  true 
ratio  is  Ca^  :  Co^,  the  substance  being  a  calcium  cobaltic  oxalate. 

The  potassium  cobaltic  oxalate  itself  is  very  permanent,  and  if 
mixed  with  glycerine  may  be  used  as  a  pigment ;  when  applied  to  paper, 
the  colour  lasts  for  years.  When  dissolved  in  water,  however,  the 
solution  slowly  deposits  a  brown  precipitate. 

Ammonium  Cohaltic  Oxalate. 

If  crystals  of  ammonium  oxalate  mixed  with  cobaltous  oxalate  are 
warmed  with  water,  insufficient  in  quantity  to  dissolve  all  the  former 
salt,  and  the  resulting  clear  red  liquid  is  treated,  while  still  warm 
(about  45°),  with  hydrogen   peroxide,    a   reaction    suddenly    occurs 
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after  about  a  minute,  and  the  solution  becomes  dark  green,  but  no 
crystals  are  deposited  on  cooling.  If  now  absolute  alcohol  is  added  (2 
vols,  of  the  solution  to  1  vol.  of  alcohol),  a  light  green  precipitate,  con- 
sisting chiefly  of  ammonium  oxalate,  is  produced.  The  green  filtrate 
from  this  does  not  yield  a  further  precipitate  on  treatment  with 
alcohol.  A  portion  of  this  filtrate  was  allowed  to  evaporate  on  a  glass 
slide,  when  transparent,  green,  rhombic  prisms  appeared  under  the 
microscope,  quite  similar  to  those  which  had  previously  been  prepared 
by  the  action  of  ammonium  oxalate  on  the  solution  of  the  green 
potassium  compound.  It  is  therefore  highly  probable  that  these 
crystals  consist  of  ammonium  cobaltic  oxalate, 

[(NH,),Co(CA)2.2H20],0. 

(f)  Other  Green  Carhoxylic  Compounds  of  Cobalt. 

By  treating  potassium  lactate,  malate,  succinate,  and  glycollate  with 
oxidising  agents  (hydrogen  peroxide  and  sodium  hypochlorite  being 
employed),  deep  green  solutions,  and  in  the  case  of  potassium  glycollate 
green,  needle-shaped  crystals,  were  obtained. 

Spectroscojnc  Examination  of  Various  Cobalt  Solutions. 

A  two-prism  mounted  spectroscope  with  brass  cii'cular  scale  was 
calibrated  for  wave-lengths  by  mapping  18  different  lines  of  well- 
known  wave-length  as  seen  through  the  instrument.  Dr.  A.  C.  Jones 
kindly  undertook  this  calibration. 

The  observations  were  largely  made  by  limelight,  and  the  solutions 
placed  in  plate  glass  tanks.  The  values  given  for  the  breadth  of 
bands  were  arrived  at  as  the  mean  of  several  observations. 

The  numerical  values  can  only  be  regarded  as  approximate  owing 
to  the  following  circumstances :  (i)  to  the  indistinctness  of  some  of 
the  band  boundaries,  (ii)  to  the  varying  depth  of  colour  in  the  solu- 
tions, (iii)  to  the  calibration  being  probably  only  approximately 
correct. 

The  more  important  results  arrived  at  are  as  follows  : 

(i)  The  absorption  band  for  red  solutions  of  nitrate,  chloride, 
sulphate,  citrate,  and  formate  of  cobalt  was  practically  identical,  the 
mean  centre  of  the  absorption  being  \  =  5020.  This  single  band  (in 
the  dilutions  employed)  extended  from  about  6040  to  5060,  cutting 
out  most  of  the  green  and  blue. 

(ii)  In  cobaltous  acetate  (of  similar  depth  of  tint),  more  green  and 
more  blue  was  cut  off.     The  mean  centre  gave  A.  =  5035, 

(iii)  Addition  of  concentrated  potassium  acetate  to  No.  ii  produces 
a  pui-ple-blue  solution  and  shifts  the  dark  band  toward  the   red  end 
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just  past  the  D  line,  so  that  all  the  green  is  absorbed,  whilst  the  band 
now  extends  only  to  the  F  line.     Mean  centre  gave  X  =  5400. 

(iv)  The  acetate  green,  obtained  by  adding  sodium  hypochlorite  to 
cobalt  chloride  in  concentrated  potassium  acetate,  is  much  yellower 
than  most  of  the  greens. 

The  apparent  mean  centre  of  the  bright  band  gave  X  =  5900  close  to 
the  D  Hue.  The  green  boundary  was  fairly  distinct,  just  including 
the  thallium  line.  The  other  boundary  faded  gradually  into  the  red, 
disappearing  short  of  the  G  line. 

(v)  The  purplish-red  solution  obtained  by  dissolving  cobalt  carbonate 
in  excess  of  potassium  hydrogen  carbonate  gives  'a  dark  absorption 
band  fairly  distinct  toward  the  red  end,  but  much  less  so  toward  the 
violet.  It  appeared  more  extended  than  that  of  No.  iii  on  both  sides, 
the  red  boundary  being  about  \  =  6070. 

(vi)  The  bicarbonate  green,  obtained  by  adding  hydrogen  peroxide  to 
the  solution  of  No.  v,  practically  reverses  the  spectrum.  A  bright 
green  band  appears,  not  quite  reaching  the  D  line  on  the  red  side  or 
the  F  line  on  the  other.  The  centre  of  this  band  (mean  of  five  experi- 
ments) gave  A.  =  5365  near  the  thallium  line. 

(vii)  The  purple  liquid  obtained  by  dissolving  cobaltous  oxalate  in 
excess  of  potassium  oxalate  gave  a  shorter  and  sharper  absorption 
band  than  did  the  purple  acetate  or  purple  bicarbonate  solutions,  the 
mean  centre  being  X  =  5183  considerably  nearer  the  violet  end  than 
was  the  case  with  the  other  two. 

(viii)  The  corresponding  ammonium  cobaltous  oxalate  gave  a  very 
similar  spectrum.  The  centre  of  the  dark  band  (A.  =  5160)  appeared 
slightly  neai'er  still  to  the  violet  end. 

(ix)  The  green  oxalate  solution,  obtained  by  adding  hydrogen  per- 
oxide to  No.  vii,  revealed  a  feature  not  previously  observed  in  other 
green  cobaltic  solutions,  namely,  two  bright  bands — one  in  the  red, 
the  other  in  the  green. 

The  green  band  is  very  sharply  marked  and  almost  exactly  reverses 
the  absorption  band  of  No.  vii ;  its  centre  (mean  of  seven  experiments) 
gave  the  same  value,  \  =  5183,  The  bright  red  band,  less  sharply 
bounded,  gave  a  mean  centre  (seven  experiments)  A.  =  6595. 

(x)  The  green  solution,  obtained  by  dissolving  potassium  cobaltic 
oxalate  crystals  in  water,  gave  a  very  similar  spectrum  to  No.  ix, 
being  rather  shorter  for  the  bright  green  band  and  longer  for  the  red. 
The  mean  centre  for  green  was  X  =  5150,  that  for  red  being  X  =  6615, 
each  of  these  being  the  average  value  for  three  experiments. 

Other  green  solutions  examined  were  the  glycollate  green,  which 
resembled  the  oxalate  green  in  having  a  bright  red,  as  well  as  a  bright 
green  band.  The  centre  of  both  bands  appeared  to  be  nearer  the  red 
end  of  the  spectrum. 
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The  tartrate  green  showed  a  faint,  short  absorption  band  dividing 
the  bright  red  from  the  bright  green  bands  ;  the  centre  of  the  green 
band  was  still  nearer  to  the  red  end  of  the  spectrum. 

The  lactate  green  and  the  succinate  green  also  gave  two  bands  each. 
In  the  latter  case,  the  centre  of  the  green  band  appeared  to  be  nearer 
the  violet  end  than  is  the  case  with  the  oxalate  green. 

Conclusions. 

(1)  Cobaltous  oxide  and  salts  in  the  presence  of  carboxylic  salts 
first  form  double  salts  of  the  carboxylic  acid  ;  then,  on  oxidation, 
green  c  tuipounds  are  formed,  the  stability  of  which  is  increased  by 
presence  of  excess  of  alkali  salt. 

In  the  case  of  oxalates  (and  the  rest),  the  presence  of  the  complex 
^Co'0*Co<^  appears  highly  probable,  for,  in  the  case  of  the  bicarbon- 
ates.  Job  {loc.  cit.)  has  shown  that  two  molecules  of  carbon  dioxide  are 
liberated  for  every  two  atoms  of  cobalt  oxidised,  whilst  the  author  has 
shown  that  one  molecule  only  of  hydrogen  peroxide  is  required  to 
complete  the  oxidation. 

These  observations  point  to  the  reaction  : 

4KHOO3  +  2O0CO3  +  H2O2  =  [Co(KC03)2]20  +  2CO2  +  3H2O, 
and  suggest  the  structural  formula  : 

C02K-0v.^^.^.p^^0-C0.,K 

co2K-o>^°^^°^o-co;k- 

A  number  of  experiments  (not  cited)  went  to  show  that  no  similar 
green  compound  can  be  formed  from  normal  alkali  carbonates. 

Gibson's  green  colour,  obtained  by  the  action  of  bromine  water  on 
sodium  carbonate  in  presence  of  cobaltous  salts,  must  have  been  due 
to  formation  of  sodium  hydrogen  carbonate  and  subsequent  oxidation  : 

Br2  +  2Na2C03  +  HgO  =  2NaBr  +  2NaHC03  +  O. 

«(2)  The  green  colour  of  these  substances  appears  to  be  character- 
istic of  cobaltic  combination  with  salts  of  carboxylic  acids,  as  opposed 
to  other  cobaltic  compounds.  This  appears  to  depend  on  complex  ions 
containing  the  nucleus  ]>-Co*0'Co<[,  which  nucleus  is  neither  present 
in  Fischer's  nitrite,  KgCo2(iSr02)^2'  ^°^  ^^  Kehi-mann's  dichroic 
oxalate,  KgCo2(0204)g,6H2O. 

(3)  The  differences  in  tint  of  green  and  in  absorption  spectra  of  the 
various  compounds  considered  depend  probably  on  the  various  associa- 
tion of  carboxyl  groups  attached  to  the  above  nucleus. 
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In  conclusion,  I  wish  to  express  my  great  indebtedness  to  Professor 
Tilden,  F.R.S,  But  for  his  kind  interest,  encouragement,  and  sugges- 
tions this  account  would  never  have  appeared. 

The  College,  Marlborough, 
Wilts. 


CLXXIII. — The  Preparation  of  Murexide  from  Allox- 

antin  and  Alloxan. 

By  Walter  Noel  Hartley,  D.Sc,  F.R.S. 

Various  samples  of  murexide  prepared  for  investigation  were  found  to 
exhibit  slight  differences  in  the  curves  of  molecular  absorption 
plotted  from  their  photographed  spectra ;  some  of  them  behaved 
diiferently  when  submitted  to  the  action  of  heat,  and  yielded  to  differ- 
ent solvents  traces  of  other  substances.  Well-crystallised  specimens, 
apparently  pure  so  far  as  ultimate  organic  analysis  could  determine, 
showed  differences  when  submitted  to  spectrographic  examination 
which  were  proved  to  be  due  to  impurities. 

The  composition  of  the  impurities  was  evidently  so  very  nearly  the 
same  as  that  of  murexide  that  the  analytical  numbers  did  not  reveal 
their  presence.  The  details  of  the  various  experiments  which  were 
carried  out  are  too  voluminous  for  discussion,  but  it  may  be  stated 
that  a  well-crystallised  specimen  might  contain  as  much  as  10  per  cent, 
of  foreign  matter,  and  in  one  instance  50  per  cent,  was  found.  For 
recent  work  (1904),  the  compound  has  been  prepared  by  three  different 
processes,  but  owing  to  reasonable  doubts  as  to  the  constitution  of 
murexide  being  that  usually  assigned  to  it,  it  became  necessary  to 
undertake  its  investigation.  The  first  question  which  required  solution 
was  the  state  of  hydration  of  the  compound.  Two  specimens  of 
particularly  well-crystallised  murexide  prepared  by  Liebig  and 
Wohler's  method  were  dried  in  vacuo  over  sulphuric  acid  in  quantities 
of  1-0  gram  and  0  5  gram  respectively.  They  did  not  lose  weight,  and 
were  apparently  quite  unchanged  after  being  heated  to  120°  in  a 
current  of  dry  air  for  three  hours.  These  specimens  were  therefore 
quite  anhydrous.  Matignon  states  that  when  heated  to  100°  murexide 
becomes  anhydrous  {Ann.  Ghim.  Phys.,  1893,  [vi],  28,  289). 
i/  New  Process  of  Preparation. — The  following  process  yields  pure 
murexide  with  greater  certainty  and  facility  than  that  of  Liebig  and 
Wohler.     Finely-powdered  alloxantin  is  mixed  with  about  one  hundred 
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times  its  weight  of  boiling  absolute  alcohol,  and  into  this  a  stream  of 
dry  ammonia  gas  is  passed,  the  operation  being  conducted  in  a  reflux 
apparatus.  A  red  colour  resembling  that  of  murexide  is  seen  after  ten 
minutes,  but  the  operation  is  continued  with  advantage  for  half  an 
hour,  and  it  may  be  prolonged  for  three  hours  or  more.  The  crimson 
solution  is  separated  from  the  murexide  by  filtration,  and  is  concen- 
trated by  distilling  off  half  of  the  ammoniacal  solution  under  reduced 
pressure. 

The  murexide  on  the  filter  is  washed  with  absolute  alcohol,  the  fil- 
trate and  washings  being  put  aside.  The  solid  murexide,  which  is  a 
purple  powder,  may  be  dried  in  a  vacuum  or  in  a  water-oven,  and  the 
substance  obtained  in  either  case  is  anhydrous.  If  dissolved  in  cold 
water  to  form  a  saturated  solution,  it  may  be  evaporated  over  sulphuric 
acid  in  a  vacuum  until  the  murexide  is  deposited  in  crystals  with  the 
characteristic  green  metallic  lustre.  The  alcoholic  solution  filtered 
from  the  murexide  is  generally  a  perfectly  clear  liquid,  having  a  colour 
which  varies  between  crimson  and  a  yellowish-red  tint,  but  its  distin- 
guishing character  is  always  a  beautiful  blue  fluorescence  visible 
in  daylight.  No  fluorescence  is  shown  by  daylight  in  solutions  of 
murexide,  but  a  blue  fluorescence  is  seen  in  quartz  cells  by  the  light  of 
an  electric  spark.  This  is  evidence  of  a  close  connection  between  the 
two  substances.  When  the  alcoholic  solution  is  evaporated  to  dryness 
in  a  vacuum,  there  remains  an  orange  or  scarlet,  solid,  amorphous  sub- 
stance, which  by  absorbing  moisture  from  the  air  becomes  changed 
into  a  tenacious  gummy  mass.  Eighty  per  cent,  alcohol  and  even 
proof  spirit  may  be  vised  for  dissolving  the  ammonia  gas,  and  the 
murexide  obtained  is  of  the  same  character  as  that  prepared  with 
absolute  alcohol,  but  it  is  not  certain  to  be  of  equal  purity. 

Similarly,  coloured  products  were  obtained  when  solutions  of  methyl- 
amine  and  ethylamine  were  substituted  for  ammonia,  but  the  murexides 
fi'om  these  have  not  yet  been  examined.  The  following  details  show  the 
regularity  of  the  process.  Weighed  quantities  of  alloxantin  in  three 
experiments  were  heated  for  half  an  hour  with  from  100  to  150  times 
their  weight  of  absolute  alcohol  saturated  with  ammonia  gas  ;  in  each 
case  the  murexide  was  filtered  off,  dried,  and  weighed ;  the  fluorescent 
solution  and  washings  were  evaporated  to  dryness  and  also  weighed  : 

I.  II.  III. 

Alloxantin  0*500  gram  5  "00  grams  5*000  grams 

Murexide 0329     ,,  3-56      ,,  3*556      ,, 

Other  product 0-185    ,,  —  1720      ,, 

Total  products    0*514     ,,  —  5-276      „ 

The  product  of  the  reaction  other  than  murexide  is  usually  a  mix- 
ture of  a  colourless,  crystalline  substance  with  blue  fluorescence  and 
the  amorphous,  orange-coloured  substance  which  yields  murexide  when 
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mixed  with  aqueous  ammonia.  Solutions  of  each  isolated  substance 
have  been  obtained  in  different  reactions,  but  they  are  difficult  to 
separate  from  a  mixture  on  account  of  the  instability  of  the  colourless 
compound,  which  on  precipitation  by  ether  loses  its  fluorescent 
property.  It  likewise  undergoes  change  when  its  solution  is  evaporated 
to  dryness,  or  even  concentrated  by  evaporation. 

The  fluorescent  substance  obtained  in  the  second  experiment  was 
not  weighed,  as  it  could  not  be  removed  from  the  flask,  but  we  may 
assume  that  it  was  of  the  same  weight  as  that  in  the  third  experiment, 
since  the  weight  of  murexide  was  the  same  in  each. 

The  fluorescent  solution  in  different  instances  gave  no  further  yield 
of  murexide  when  heated  for  some  time  with  an  additional  quantity  of 
alcoholic  ammonia. 

The  portion  of  the  fluorescent  solution  from  Experiment  II,  when 
evaporated  to  dryness,  yielded  a  very  light  powder  with  a  pink  tinge, 
which,  when  dissolved  in  alcohol,  showed  no  colour  or  fluorescence  ; 
it  gave  no  colour  with  caustic  potash  or  ammonia  and  had  evidently 
altered  in  constitution.  It  was  thought  to  be  probably  uramil,  but 
as  it  did  not  combine  with  alloxan  to  form  murexide  this  was 
regarded  as  evidence  to  the  contrary. 

The  following  explanation  of  the  reaction  was  based  on  the 
observations  of  von  Baeyer,  that  alloxan  and  ammonia  form  mycomelic 
acid, 

NgC^O.Hg  +  2NH3  =  N^C.OgH,  +  2H2O, 

in  which  interaction  the  mesoxalyl  certainly,  and  the  carbonyl 
possibly,  yield  oxygen  {Annalen,  1864,  130,  174);  and  that  in  the 
production  of  alloxantin  from  alloxan  and  dialuric  acid  there  are 
three  hydroxy  Is,  of  which  only  two  are  eliminated  when  the  alloxantin 
is  formed.  If  ammonia  acts  on  it  simultaneously,  the  third  hydroxyl 
is  removed  as  water,  and  murexide  results  (von  Baeyer,  Annalen, 
1863,  127,  235).  Furthermore,  alloxan  and  uramil  combine  to  form 
murexide.  The  initial  reaction  involved  Avhen  ammonia  acts  on 
alloxantin  may  be  explained  by  the  following  equation  : 

/NH-COx  /CO-NHx 

(1)  COC  H^C-0-Cf-OH         >C0  +  NH3  = 

/NH-COx  yCO-NHx 

^NH-CO/  \CO-NH^ 

but  the  action  of  the  second  molecule  of  ammonia  is  open  to  question. 
Thus,  the  simplest  way  of  expressing  it  is  that  which  results  in  the 
formation  of  murexide  : 
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'NH-CO\  /CO-NH 


{^p0(   ___    H^C-NH-C^OH        /CO  +  NH3  = 


C0<NH-C>^-^-^<C0:NH>^0  +  H,0. 

O-NH^ 

When  we  endeavour  to  account  for  the  formation  of  the  second  and 
apparently  intermediate  substance  soluble  in  alcohol  with  a  rich  blue 
fluorescence,  it  becomes  a  point  of  importance  to  know  whether  the 
action  of  water  on  it  forms  either  purpuric  acid  or  murexide.  In 
point  of  fact,  it  does  neither,  nor  does  alcoholic  or  aqueous  ammonia 
convert  it  into  murexide,  and  therefore  it  is  not  purpuric  acid. 

From  evidence  derived  from  its  absorption  spectrum  curve,  it  is  be- 
lieved to  be  a  diureide  derivative  having  probably  the  formula  assigned 
to  the  product  in  equation  (1),  and  by  the  action  of  heat  on  its 
alcoholic  solution  a  molecule  of  water  is  eliminated  and  a  further  con- 
densation occurs,  yielding  the  following  compound  : 

/NH-COv  /CO-NHx 

co<        H^c-N:c<r  >C0. 

There  is  evidence  that  this  is  the  constitution  of  the  unstable  orange- 
coloured  substance  which  by  the  action  of  aqueous  ammonia  yields 
murexide.  Water  alone  does  not  cause  this  change,  nor  does  the 
simple  addition  of  alcoholic  ammonia.  Furthermore,  murexide  is 
formed  when  water  is  not  eliminated  in  the  reaction  with  ammonia, 
and  this  formation  could  only  occur  by  the  operation  of  a  second 
molecule  of  ammonia  causing  the  rearrangement  within  the  molecvile 
which  results  in  an  ethylenic  carbon  linking  and  an  ammonium 
hydroxide  salt  of  the  constitution  shown  in  equation  (2). 

Murexide  from  Alloxan. — When  alloxan  is  digested  with  alcoholic 
ammonia  at  78°  or  thereabout,  it  becomes  converted  into  a  purple 
powder,  insoluble  for  the  most  part  in  alcohol.  The  alloxan  may  be 
first  dissolved  in  boiling  absolute  alcohol,  and  may  be  either  the 
hydrated  crystalline  form  or  the  recrystallised  product  dried  at  100°; 
16  parts  readily  dissolve  in  8  parts  of  alcohol.  The  purple  solid 
substance  dissolves  easily  in  water  to  form  a  solution  quite  indis- 
tinguishable from  a  solution  of  murexide.  The  following  is  the 
explanation  of  the  reaction ;  one  molecule  of  alloxan  oxidises  alcohol 
to  aldehyde  and  becomes  thereby  reduced  to  dialuric  acid,  which  by 
the  removal  of  water  from  another  molecule  of  alloxan  combines  with 
it  to  form  alloxantin,  on  which  the  alcoholic  ammonia  reacts  in  the 
manner  already  described ; 
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Alloxan. 

/NH-CO\ 
C0<  H-^C-OH  +   C2H4O   +  H2O; 

Dialuric  acid. 
C0<  H^C-OH  +  (H0)2C<^^.tJti>C0   = 

/NH-COv  /CO-NH. 

C0<  H^C-0-C^OH         >C0   +   H2O, 

Alloxantin. 

but  it  is  probable  that  the  oxidation  of  the  alcohol  and  the  condensa- 
tion of  the  two  ureides  to  form  alloxantin  occur  simultaneously  with 
an  immediate  production  of  murexide.  After  the  reaction,  the  alcohol 
separated  from  the  murexide  was  colourless,  but  it  showed  the  blue 
fluorescence  before  mentioned.  The  murexide  dissolved  in  cold  water 
yielded  crystals  on  evaporation,  with  the  characteristic  green  metallic 
lustre.  Owing  to  the  publication  of  three  important  papers  on  the 
constitution  of  murexide  when  my  work  had  reached  this  stage,  the 
further  prosecution  of  this  investigation  was  suspended. 

The  researches  referred  to  are  those  of  Piloty  and  Finckh  {Annalen, 
1904,  333,  30),  R.  Mbhlau  {Ber.,  1904,  37,  2686),  and  Max  Slimmer 
and  Stieglitz  {Amer.  Chem.  J.,  1904,  31,  661).  Incidentally  it  may 
be  remarked  that  the  formula  for  murexide  given  in  equation  (2)  is 
identical  with  one  proposed  by  Mohlau.  The  formula  for  alloxan 
which  I  adopted  from  von  Baeyer's  work  differs  from  that  usually 
assigned  to  it,  and  is  also  different  from  that  employed  by  Piloty  and 
the  other  authors  mentioned  above.  The  spectroscopic  characters  of 
the  intermediate  substances  appears  in  the  succeeding  communica- 
tion. 

Royal  College  of  Science, 

Stephen's  Green, 

Dublin. 
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CLXXIV. — The  Absorption  Spectra  of  Uric  Acid,  Mur- 
exide,  ctnd  the  Ureides  in  relation  to  Colour  and  to 
their  CJiemical  Structure. 

By  Walter  Noel  Hartley,  U.Sc,  F.R.S. 

The  object  of  this  investigation  is  to  ascertain  the  composition  and 
structure  of  those  chromogenic  groups  which  diiler  in  constitution 
from  the  homocyclic  and  heterocyclic  benzenoid  rings  generally  con- 
stituting the  nucleus  of  organic  colouring  matters.  It  is,  in  fact,  a 
continuation  of  previous  researches  ("  Researches  on  the  Relation 
between  the  Molecular  Structure  of  Carbon  Compounds  and  their 
Absorption  Spectra.  Part  VIII.  A  Study  of  Coloured  Substances 
and  Dyes."  Trans.,  1887,  51,  153—202),  in  which  it  was  rendered 
evident  that  a  chromogen  (O.  N.  Witt,  Ber.,  1876,  9,  522)  is  in 
reality  an  invisibly  coloured  substance,  that  is  to  say,  one  with  a 
powerful  absorption  band  or  bands  in  the  ultra-violet ;  and  a 
chromophore,  an  atom  or  "  complex "  which  reduces  the  rate  of 
vibration  of  the  molecule  of  the  chromogen,  so  that  the  absorption  is 
shifted  from  the  ultra-violet  into  the  visible  spectrum.  The  curves  of 
molecular  absorption  of  benzene,  triphenylmethane,  azobenzene,  and 
the  dyes  derived  from  them  showed  that  a  similarity  existed  between 
the  curves  of  substances  derived  from  the  same  nucleus  or  chromogen, 
even  although  the  substances  themselves  might  be  very  differently 
coloured  and  vary  greatly  in  complexity  of  structure. 

Murexide  was  studied  in  1887  because  it  was  the  only  colouring 
matter  of  a  purely  organic  origin  the  constitution  of  which  had  been 
approximately  ascertained,  and  which  was  not  derived  from  an 
aromatic  nucleus  ;  in  this  respect  it  was  unique.  The  parent  substance, 
uric  acid,  showed  a  powerful  absorption  band  in  the  ultra-violet,  and 
it  was  concluded  that  this  was  the  effect  of  the  mode  of  linking  within 
the  molecule  of  the  several  carbon  and  nitrogen  atoms  and  of  the 
oxygen  atoms  with  the  carbon,  there  being  four  NH  groups  in  uric 
acid,  three  CIO  groups,  and  a  pair  of  carbons  with  ethylenic  linking. 
Since  then  it  has  been  shown  that  several  substances  built  up  of 
HO'CN  and  CO'NH  groups  show  no  absorption  bands  in  their 
spectra  {Brit.  Assoc.  Report,  1901,  and  Hartley,  Dobbie,  and  Lauder, 
Trans.,  1901,  79,  848).  It  is  thus  evident  that  the  CIO  and  NH 
groups  are  not  of  themselves  the  cause  of  the  absorption  bands,  nor 
yet  the  pair  of  doubly-linked  carbon  atoms,  but  the  band  in  the 
absorption  spectrum  is  apparently  connected  with  a  ring  structure. 
Various  heterocyclic  rings  (Hartley,  Trans.,  1882,  41,  45,  and  1885, 
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47,  685;  also  Hartley  and  Dobbie,  Trans.,  1900,  77,  846)  and  un- 
saturated ketones  are  chromogenic  compounds  (0.  Wallach,  Chem. 
Centr.,  1897,  i,  373—374);  also  other  substances,  such  as  ethyl 
nitrolic  acid  and  the  ureide,  violuric  acid,  yield  coloured  salts  and 
coloured  solutions.  Ostwald,  in  the  case  of  violuric  acid,  attributed 
the  formation  of  coloured  solutions  unconditionally  and  without 
exception  to  the  liberation  of  coloured  ions  from  the  undissociated 
colourless  hydrogen  compound.  This  was  opposed  by  Magnanini  {Atti 
R.  Accad.  Lincei,  1893,  2,  Part  I,  369  and  1895,  4,  Part  II,  60)  until 
spectro-photometric  measurements  on  solutions  of  the  alkali  violurates 
caused  him  to  admit  that  in  certain  cases  Ostwald's  hypothesis 
acquires  a  certain  degree  of  probability.  Hantzsch  has  investi- 
gated this  subject  elaborately  {Ber.,  1899,  32,  575—600;  also 
Hantzsch  and  Yeit,  loc.  cit.,  607 — 627),  and  his  views  may  be  stated 
in  the  following  words :  if  a  coloui'less  hydrogen  compound  which  is 
soluble  in  water  manifests  coloured  ions  and  coloured  alkali  salts,  the 
substance  is  a  pseudo-acid  which  by  the  formation  of  salts  and  by 
ionisation  changes  into  the  true  acid.  The  formation  of  coloured  ions 
and  coloured  salts  from  the  oximinoketones  is  not  merely  a  physico- 
chemical  change  arising  out  of  the  simple  act  of  ionisation,  but  simul- 
taneously there  is  a  purely  chemical  one  for  the  reason  that  from  the 
colourless  hydrogen  compounds  there  are  formed  ions  with  a  different 
constitution.  J.  Guinchard  {Be7\,  1899,  32,  1723)  concludes  that  the 
formation  of  red  or  violet  salts  is  dependent  on  the  presence  of  the 
group  CO*C!N*OH  within  a  ring  structure,  thus  : 


-c:n-oh 
-c:o 

-c:n-oh   _. 

KOH    -c:n 

HCl        -c-0, 

\-0K 

Oximinoketoue. 

Abuormal  hydrate. 

Coloured  salt. 

so  that  violuric  acid  solutions  consist  most  probably  of  equal  weights 
of  real  dissociated  violuric  acid  and  the  undissociated,  colourless 
pseudo-acid.  In  the  undissociated  solid  state,  only  the  colourless 
pseudo-acid  on  the  one  hand  and  the  real  violurates  on  the  other  are 
capable  of  a  separate  existence.  The  publication  of  these  views 
rendered  it  very  desirable  that  the  absoi'ption  spectra  of  purin  com- 
pounds generally,  and  particularly  those  of  uric  acid  and  its  derivatives, 
should  be  submitted  to  a  systematic  examination  with  the  object  of 
determining  the  precise  structure  of  the  ring  which  gives  rise  to  a 
spectrum  with  an  absorption  band. 

The  principal  difficulty  in  examining  the  ureides  is  owing  to  their 
slight  solubility  in  water  and  alcohol,  the  care  required  in  preparing 
optically  pure  specimens,  and  the  tendency  of  some  of  these  substances 
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to  hydrolyse  when  dilute  solutions  are  used.  The  following  substances 
were  examined  by  L.  Soret  {Arch.  Sci.  phys.  nat.,  1883,  10,  429)  : 
urea,  biuret,  \iric  acid,  sodium  urate,  alloxan,  sarcine,  and  xanthine 
hydrochloride.  There  is  a  general  agreement  between  his  results  and 
mine,  with  a  slight  deviation  in  his  description  of  the  uric  acid 
spectrum.  He  assigns  it  a  second  more  diffuse  and  feeble  absorption 
band  in  the  extreme  ultra-violet  which  I  have  not  observed. 


Experimental. 

The  origin  of  the  several  preparations  of  murexide  and  the  ureides 
was  a  single  specimen  of  uric  acid,  the  purification  of  which  ought 
therefore  to  be  recorded.  Three  and  a  half  kilograms  of  uric  acid 
purchased  more  than  twenty  years  previously  were  dissolved  in  caustic 
potash,  the  mixture  being  boiled  in  a  copper  vessel  by  means  of  steam. 
The  solution  of  potassium  urate  was  concentrated,  filtered,  and 
allowed  to  cool.  The  potassium  salt  which  separated  out  was  col- 
lected on  a  linen  filter,  washed  thoroughly  by  being  stirred  up  in 
cold  water,  separated  again,  and  dissolved  in  hot  distilled  water.  On 
the  addition  of  hydrochloric  acid,  the  uric  acid  separated ;  it  was 
washed  with  cold  water,  then  with  alcohol,  and  finally  dried  on  a 
steam  plate.  A  portion  of  the  product  was  twice  again  submitted  to 
the  same  treatment ;  the  third  operation  yielded  a  well-crystallised 
acid  perfectly  free  from  any  trace  of  colour. 

Violuric  acid  was  prepared  by  Ceresole's  method  from  alloxan  and 
hydroxylamine ;  it  was  beautifully  crystallised  and  perfectly  pure. 
Another  specimen  was  kindly  furnished  by  Dr.  Donnan. 

Sodium  Violurate. — The  solution  of  this  substance  was  obtained  by 
mixing  20  c.c.  of  a  solution  of  violui-ic  acid  containing  1  milligram- 
molecule  in  100  c.c.  with  an  equimolecular  volume  of  sodium 
hydroxide  solution  prepared  from  sodium.  The  solid  was  obtained 
by  mixing  alcoholic  solutions  of  the  two  substances,  filtering,  and 
washing. 

Alloxantin. — Uric  acid  was  added  in  small  quantities  to  a  mixture  of 
one  part  of  nitric  acid  (sp.  gr.  1*42)  and  ten  parts  of  water  kept  at 
70°.  When  the  liquid  had  become  reddish-yellow,  it  was  boiled  and 
filtered.  To  the  filtrate  after  cooling  a  mixture  of  a  strong  solution 
of  stannous  chloride  and  strong  hydrochloric  acid  was  added.  The 
alloxantin  which  separated  was  washed  well  with  cold  water  and  dried 
on  a  porous  tile.  A  solution  of  alloxantin  made  on  January  16, 
1904,  and  photographed  immediately,  was  kept  until  Mai'ch  3,  when 
its  spectra  wei-e  again  photographed.  The  substance  was  found  to  have 
undergone  a  profound  alteration.  The  solution  on  evaporation  yielded 
an    uncrystallisable  gummy    mass  having  a   brilliant   orange  colour, 
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probably  caused  by  absorption  of  ammonia  from  the  air.  This 
gradually  dissolved  in  absolute  alcohol  forming  a  liquid  with  the  same 
brilliant  colour,  but  on  evaporating  the  solution  it  became  colourless 
and  yielded  groups  of  fine  crystals  having  an  appearance  resembling 
urea.  The  alloxantin  was  doubtless  hydrolysed  into  alloxanic  and 
dialuric  acids. 

Dialuric  acid  was  prepared  according  to  the  process  described  by 
Schlieper  (Annalen,  1845,  55,  253)  for  obtaining  alloxan  and  the 
convei'sion  of  this  into  dialuric  acid  by  the  process  of  von  Baeyer 
{Annalen,  1862,  127,  12).  It  was  a  beautifully  crystallised  and 
perfectly  white  specimen. 

Alloxan. — A  specimen  of  this  was  prepared  by  the  action  of  nitric 
acid  on  pure  uric  acid,  as  in  the  preparation  of  alloxantin.  Samples 
were  also  obtained  from  Kahlbaum,  which  were  recrystallised. 

The  Colour  of  Violuric  Acid  and  of  Sodium  Violurate. — Solid  crystal- 
line violuric  acid  has  a  feebly  yellow  tint,  its  solution  in  alcohol  is 
colourless,  its  aqueous  solutions  prepared  from  carefully  distilled 
ammonia -free  water  have  a  colour  varying  between  feebly  reddish- 
and  bluish-violet.  Sodium  violurate  is  rose-coloured  whether  in 
aqueous  solution  or  in  the  solid  state,  concentrated  solutions  being 
always  the  more  red.  Although  the  alkalinity  of  glass  is  well 
known  to  be  a  measurable  quantity,  all  hitherto  recorded  experiments 
on  violuric  acid  have  been  made  in  glass  vessels.  In  order  to  ascer- 
tain whether  solutions  made  with  perfectly  pure  water  and  kept  from 
contact  with  glass  would  exhibit  the  same  feeble  colour,  pure  water 
was  obtained  by  Tyndall's  method,  namely,  melting  a  block  of  clear 
ice  in  a  vacuum  ;  the  ice  was  contained  in  a  funnel  of  sheet  aluminium, 
and  the  water  collected  in  a  large  platinum  basin.  The  first  two  or 
three  quantities,  being  washings  of  the  surface  of  the  block,  were 
rejected,  and  subsequently  crystals  of  violuric  acid  were  placed  in  the 
centre  of  the  basin.  The  pressure  within  the  covering  bell-jar  was 
reduced  to  5  mm.  by  a  double  cylinder  Fleuss  air-pump.  Arrange- 
ments were  made  for  agitating  the  crystals  with  the  water.  The 
proportions  of  acid  and  water  are  reduced  to  grams  per  litre  in  five 
experiments. 

Gram.  Gram. 

(1)  0-04  per  litre  (4)  0-11  per  litre 

(2)  0-151  „      „  (5)  0-571  „      „ 

(3)  0-01     „     „ 

Solution  (1)  was  quite  colourless  and  remained  so  for  five  hours  ; 
(2)  quite  colourless  and  remained  so  for  two  hours  (temperature 
12-8°) ;  (3)  quite  colourless  and  remained  so  for  48  hours  after- 
wards (temperature  12°),     (4)  Air  was  admitted  to  the  bell-jar,  the 
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solution  was  feebly  rose-coloured  (temperature  12-5°) ;  (5)  air  was 
admitted  to  the  bell-jar  and  the  solution  was  feebly  rose-coloured 
(temperature  12-5°).  In  experiment  (1),  air  was  admitted  after  five 
hours,  and  after  a  fvirther  period  of  twenty  hours  the  solution  had 
acquired  an  almost  imperceptible  violet  tint.  In  experiment  (2),  air 
was  admitted  after  two  hours,  and  after  a  further  interval  of  20|- 
hours  the  solution  had  acquired  a  very  feeble  rose  tint.  There  is  no 
comparison  between  the  colour  of  solutions  of  violuric  acid  made  from 
ice-water  in  vacuo  contained  in  metal  vessels  and  those  made  in  glass 
vessels,  since  the  former  are  practically  colourless.  The  colourless 
solutions  acquired  a  feeble  colour  after  air  was  admitted  to  them,  and 
it  was  therefore  probably  dust  of  an  alkaline  nature  which  caused 
the  coloration.  A  large  tube  containing  calcium  chloride  and  soda- 
lime  which  is  attached  to  the  air-pump  was  suspected  of  having  con- 
tributed to  this  effect,  but  the  ordinary  dust  of  the  air  may  give  rise 
to  such  slight  appearances  of  colour  as  were  observed,  since  that  almost 
invariably  contains  traces  of  lime  and  soda,  the  former  being  most 
probably  in  the  condition  of  carbonate.  In  order  to  examine  this 
point,  dry  crystals  of  violuric  acid  were  powdered  along  with  pure 
calcite  in  an  agate  mortar  and  exposed  to  the  air ;  the  powder 
acquired  a  red  tint  after  a  short  time,  which  increased  after  the 
lapse  of  an  hour  to  a  pale  rose  colour.  On  moistening  the  mixture 
with  water,  the  colour  was  intensified,  and  when  diffused  through  more 
water  its  tint  was  changed  to  a  violet  shade,  similar  to  that  observed 
in  a  solution  of  the  acid. 

It  must  be  u,nderstood  that  this  violet  tint  is  different  from  the 
rose  colour  or  reddish  hue  seen  in  some  solutions  of  the  acid,  and 
which  is  always  apparent  in  solutions  of  sodium  violurate.  It  must 
be  mentioned  that  solutions  showing  the  pale  colour  became  paler  on 
mixing  with  pure  water,  and  also,  when  they  were  heated  to  35°,  they 
did  not  increase  in  colour. 

If  violui-ic  acid  be  accorded  the  formula  CO*\^TT,p^^CtN'OH, 
then  if  by  ionic  dissociation  the  violuric  ion  be 

this  would  more  probably  be  a  coloured  substance  than  the  hydrogen- 
ated  compound. 
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Descrijition  of  the  Spectra. 

It  should  be  stated  that  the  spectra  of  many  of  the  ureides  are  of  a 
peculiar  character  when  we  compare  them  with  those  of  aromatic  deriv- 
atives and  heterocyclic  ring  structures,  since  the  latter,  as  a  rule,  show 
very  distinctly-defined  absorption  bands.  The  diureides  and  oxypurin 
derivatives  either  show  no  distinct  bands,  but  only  a  lengthening  and 
weakening  of  the  spectra,  or,  where  bands  do  appear,  they  are 
frequently  of  an  ill-defined  character  until  some  internal  molecular 
change  develops  a  band.  Such  characters  are  difficult  to  represent  by 
curves,  and  would  probably  prove  to  be  misleading  ;  it  has  therefore 
been  considered  better  to  reproduce  some  of  the  spectra  and  to  tabulate 
the  measurements  with  additional  notes  of  the  changes  observed  and 
the  conditions  under  which  they  occurred.  Several  of  the  substances 
required  two  or  three  repetitions  of  the  photographs,  so  that  although 
the  number  of  compounds  examined  is  not  large,  the  plates  of  spectra 
examined  have  amounted  to  sixty-eight,  the  measurements  recorded 
being  from  a  selection  of  typical  examples. 

Barbituric  Acid. — Two  specimens  were  examined  ;  one  was  prepai-ed 
for  the  purpose,  the  other,  obtained  from  Schuchardt,  was  recrystallised. 
The  acid  transmits  a  continuous  spectrum  very  freely. 

Violuric  Acid. — The  alcoholic  solution  is  colourless,  but  one  specimen 
examined  had  a  very  pale  sea-green  colour  when  seen  in  quantities  of 
250  c.c.  It  transmits  a  continuous  spectrum  freely,  the  length  of 
which  is  inversely  proportional  to  the  layer  of  the  solvition.  The  pale 
green  solution  mentioned  showed  a  weakness  from  '^jX  2838  to  ^/A.  3285  in 
a  thickness  of  20  mm.,  as  if  there  was  a  tendency  to  selective  absorp- 
tion here.  It  was  not  seen  in  the  greater  thickness  of  25  mm.  nor  in 
the  smaller  of  15  mm. 

The  aqueous  solution  was  of  a  pale  reddish-violet  colour,  which 
arises  from  a  feeble  but  general  absorption  of  the  yellow  and  green 
rays  lying  between  ^/X  1833  and  ^/A.  2G08  in  a  thickness  of  25  mm.  of 
liquid.  The  spectra  were  photographed  on  isochromatic  plates  sensitive 
to  green  and  yellow  and  to  red  and  yellow,  and  the  diffuse  band  was 
measured  on  the  plate,  although  when  the  solution  was  examined  by 
the  eye  with  a  single  prism  spectroscope  of  good  dispersion  no  band  was 
visible  in  such  a  thickness. 

Sodium  Violurate. — The  aqueous  solution  is  rose-coloured  and  it 
shows  two  absorption  bands,  the  first  in  the  visible,  the  second  in  tho 
ultra-violet.  One  milligram-mol.  in  100  c.c.  shows  the  first  lying 
between  ^/A  1730  and  ^/A  1976  in  a  layer  of  25  mm  ,  whilst  a  solution  of 
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1  niilligram-mol.  in  500  c.c.  shows  the  second  band  in  5  mm.  of  liquid 
lying  between  ^/\  2953  and  ^/X  3655. 

Alloxan. — This  substance  has  different  formulse  according  to  whether 
the  crystals  are  dried  in  air,  or  in  vacuo,  or  at  100°.  Aqueous  solutions 
of  each  were  made  containing  1  milligram-mol.  in  100  c.c.  of  water. 
They  gave  diiferent  spectra,  but  the  diiJerences  arise  from  the  solution 
of  the  first  preparation  containing  0-214  gram  in  100  c.c,  and  of  the 
second  0'16  gram  per  100  c.c.  Taking  the  quantity  of  substance  in 
the  anhydrous  state  into  account,  the  spectra  photographed  through 
different  thicknesses  of  the  two  solutions  are  strictly  comparable, 
which  proves  that  there  is  no  essential  difference  in  the  constitution 
of  the  two  substances,  but  merely  a  difference  in  hydration.  Dried  at 
100°,  it  appears  to  have   the  formula  assigned  to  it  by  von  Baeyer, 

00<Ci«a-TT.pQ!x>C(0H)2;  the  crystals  are  then  correctly  expressed  by  the 

addition  of  three  molecules   of  water,    CO'\^rT.p,^^C(OH)2,3H20. 

Both  substances  in  solution  transmit  continuous  spectra  very  freely. 

Potassium  alloxanate,  obtained  from  Schuchardt,  was  recrystallised 
and  dissolved  in  absolute  alcohol;  it  freely  transmits  a  continuous 
spectrum. 

Uric  Acid. — Perfectly  colourless  crystals  of  uric  acid  were  dissolved 
in  the  proportion  of  0'168  gram  or  1  milligram-mol.  in  3000  c.c.  The 
spectrum  is  remarkable  for  the  absorption  band  in  from  4  to  20  mm. 
of  the  solution.  A  second  feeble  band  observed  by  L.  Soret  was  not 
measured. 

Lithium  Urate. — This  was  prepared  from  a  solution  of  uric  acid  by 
neutralising  it  with  pure  lithium  carbonate  and  evaporating  to  dryness. 
One  milligram-mol.  was  dissolved  in  1000  c.c.  of  water.  The  well- 
marked  band  and  curve  of  the  spectrum  is  similar  to  that  of  sodium 
urate  examined  by  L.  Soret. 

Caffeine. — Several  specimens  of  this  substance  wei'e  examined  in 
aqueous  solution.  One  was  prepared  in  the  laboratory,  a  second  was 
obtained  from  Kahlbaum,  and  a  third  from  Schuchardt ;  the  latter 
specimens  were  recrystallised.  There  was  no  difference  between  them, 
all  being  substances  of  great  purity.  There  is  a  peculiarity  in  the 
photogra-  hs  of  the  second  solution  of  the  substance  containing  1  milli- 
gram-mol. or  0-212  gram  in  750  c.c.  of  water,  in  the  sudden  lengthen- 
ing of  the  spectrum  and  its  enfeeblement  between  ^/X  3675  and  ''■/X  3794 
as  if  an  absoi-ption  band  was  indicated  hereabouts  of  a  very  feeble 
or  ill-defined  character,  which  disappears  when  the  layer  of  solution  is 
redviced  from  2  mm.  to  1  mm. 

With  the  exception  of  this  weakness  and  lengthening,  the  continuous 
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spectrum  is  freely  transmitted.  It  was  shown  more  distinctly,  however, 
on  photographs  obtained  by  placing  in  cells  2  millimetres  in  thickness 
solutions  of  caffeine  containing  0-212  gram  in  750  c.c,  1500  c.c,  2250 
c.c,  3000  c.c,  and  3750  c.c.  of  water  respectively. 

Another  specimen,  containing  a  molecule  of  water  less,  was  dissolved 
in  the  proportion  of  0'194  or  1  milligram-mol.  in  1000  c.c.  of  water. 
Now,  whilst  1  milligram-mol.  in  150  c.c.  and  in  200  c.c.  shows  no 
absorption  band  at  any  thickness  from  25  mm.  down  to  1  mm.,  this 
solution  does  show  an  absorption  band,  and  the  conclusion  is  inevitable 
that  it  is  either  due  to  dynamic  isomerism  or  caused  by  a  process  of 
hydrolysis  ;  but  it  is  impossible  to  see  how  hydrolysis  could  cause  this 
change,  because  it  would  have  quite  an  opposite  effect. 

Ethoxy caffeine. — The  solution  of  1  milligram-mol.  or  0-238  gram  in 
1000  c.c.  of  alcohol  yielded  spectra  with  a  well-marked  absorption 
band. 

Theobromine. — A  specimen  obtained  from  Kahlbaum  was  resublimed 
and  dissolved  in  the  pi-oportion  of  0-18  gram  or  1  milligram-mol.  in 
1000  c.c.  of  aqueous  ammonia.  This  shows  an  absorption  band  which 
is  feeble  and  by  no  means  definite  ;  it  is,  in  fact,  difficult  to  determine 
whether  there  is  a  band  in  that  part  of  the  spectrum  which  is 
suddenly  lengthened  between  ^j\  3750  and  '^jX  4150.  In  order  to 
determine  this  point,  a  solution  of  theobromine  was  made  by  boiling 
the  substance  with  pure  water.  In  the  solution  so  prepared,  the  absorp- 
tion band  became  quite  distinct.  A  freshly  prepared  solution  of  theo- 
bromine in  pure  water  showed  no  distinct  absorption  band  in  its 
spectrum,  but  only  a  lengthening  and  weakening  of  the  continuous 
rays  as  if  an  extremely  feeble  band  was  just  making  its  appearance  ;  it 
became  distinct  as  a  band  after  keeping  for  a  period  of  three  months, 
and  still  more  distinct  after  a  further  interval  of  one  week.  The 
lengthening  occurred  from  ^fk  3762  to  ^^  4000  approximately.  This 
is  apparently  due  to  some  isodynamic  change,  probably  the  ketone 
becomes  enolic. 

Guanine  Hydrochloride. — The  substance  was  obtained  from 
Schuchardt.  A  solution  containing  0-224  gram  or  1  milligi-am-mol. 
in  1000  c.c.  of  alcohol  was  examined.  The  substance  is  sparingly 
soluble.  The  solution  transmits  a  continuous  spectrum  freely,  the 
length  of  which  is  inversely  proportional  to  the  thickness  of  the  layer 
of  solution.  After  the  lapse  of  seven  days,  a  second  series,  and  after 
the  lapse  of  three  months  a  third  series,  of  spectra  were  photographed. 
In  the  second  series,  a  change  is  observed  in  the  third  spectrum,  the 
lengthening  of  the  transmitted  rays  being  greater  than  on  the  first 
plate.  In  the  third  series,  the  spectra  have  all  extended,  the  measure- 
ments showing  a  remarkable  freedom  of   transmission  of  the  rays, 
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thus  with  20  mm.  and  10  mm.  there  is  a  continuous  spectrum  to  ^/A. 
4043,  and  with  5  mm.  to  1  mm.  it  extends  from  ^/X  4156  to  ^/X  4261. 

Alloxantin. — An  aqueous  solution,  freshly  prepared,  containing  0'322 
gram  or  1  milligram-mol.  in  250  c.c.  gave  characteristic  absorption 
curve  with  a  well-marked  band  in  layers  of  4,  3,  and  2  mm.  After 
six  weeks,  the  band  had  disappeared  and  throughout  the  spectrum 
the  rays  were  much  more  freely  transmitted,  that  is  to  say,  the  continu- 
ous spectrum  was  extended  in  length  through  varying  thickness  of 
solution.  On  further  dilution  of  the  fresh  solution,  the  spectrum  was 
seen  to  lengthen  suddenly,  all  trace  of  the  band  disappearing.  To 
investigate  this  change,  another  solution  was  prepared  by  weighing  out 
a  milligram-molecule  of  alloxantin  and  dissolving  this  at  once  in  1000 
c.c.  of  water.  From  this  solution  another  series  of  photographs  was 
taken.  In  none  of  these  spectra  was  any  trace  of  a  band  discernible, 
and,  moreover,  the  curve  was  in  other  respects  quite  different.  It  is 
clearly  evident  that  hydrolysis  had  immediately  resolved  the  substance 
either  into  dialuric  acid  and  alloxan  or  alloxanic  acid.  In  this  connec- 
tion, it  is  best  to  examine  the  spectra  of  dialuric  acid  and  compare  them 
with  those  of  alloxantin. 

Dialuric  Acid. — A  specimen  was  prepared  for  this  research  as  nearly 
pure  as  possible ;  it  was  beautifully  crystallised  and  quite  white,  but 
it  appeared  to  ba  practically  insoluble  in  cold  water.  By  dint  of  much 
shaking  and  very  gently  warming,  it  is  true  that  a  solution  was  obtained, 
but  the  photographs  of  its  spectra,  taken  immediately  the  substance 
had  completely  dissolved,  showed  that  it  had  been  converted  in 
part  at  least  into  alloxantin.     Dialuric  acid  having  the  formula 

differs  from  alloxan  dried  at  100°  by  one  of  the  two  hydroxyls  in 
the  latter  being  replaced  by  hydrogen.  Yon  Baeyer  points  out 
that  dialuric  acid  oxidises  so  rapidly  when  moist  that  its  conversion 
into  alloxantin  may  be  witnessed  under  the  microscope,  and  it  is 
well-nigh  impossible  to  obtain  it  in  a  state  of  purity.  The  evi- 
dence of  its  conversion  into  alloiartin  was  the  coincidence  of  the 
two  curves  drawn  from  the  spectrum  measurements,  which  were  proved 
to  be  correct  by  the  photographic  plates  being  superposed,  showing 
that  the  two  series  of  specti'a  coincided  in  every  detail.  But  what  is 
of  greater  importance,  the  quantitative  experiments  showed  the  extent 
and  i-apidity  of  the  chemical  action.  Thus,  it  is  to  be  particularly 
observed  that  0-144  gram  of  dialuric  acid  was  dissolved  by  agitation 
and  warming  in  100  c.c.  of  water,  and  immediately  afterwards  it 
yielded  the  same  series  of  spectra  as  0322  gram  of  alloxantin  dis- 
solved in  250  c.c.  of  water.     In  250  c.c,  therefore,  of  the  dialuric  acid 
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solution  there  would  be  2^  times  0-144  gram  of  this  substance,  or 
0  360  gram ;  hence,  the  extraordinary  coincidence  of  the  two  sets  of 
photographs  of  spectra  and  of  the  two  curves  is  an  absolute  proof  of 
the  complete  conversion  of  one  into  the  other  substance  the  instant 
it  is  dissolved.  The  solution  of  dialuric  acid  was  examined  again  after 
being  kept  for  a  fortnight,  because  if  alloxantin  had  been  formed,  this, 
as  shown  by  observations  on  the  absorption  spectra  of  the  pure  com- 
pound would  become  hydrolysed  to  dialuric  acid  and  alloxanic  acid.  As 
a  matter  of  fact,  it  was  found  that  it  no  longer  gave  the  absorption 
band  which  is  characteristic  of  freshly  prepared  solutions  of  alloxantin, 
but  exhibited  instead  a  continuous  spectrum  resembling  that  of  the 
solution  obtained  in  the  first  instance  from  alloxantin  either  {a)  after 
being  kept,  or  (6)  after  immediate  dilution  to  1  milligram-molecule  in 
1000  c.c.  of  water. 

Acetylacetone. — Two  samples  of  this  substance  were  examined,  prepared 
by  Kahlbaum  and  by  Schuchardt  respectively,  one  of  which  had  less  of 
the  yellow  colour  than  the  other.  The  measurements  of  the  spectra 
were  alike  and,  furthermore,  were  almost  exactly  the  same  as  those  of 
caffeine  and  theobromine,  a  fact  which  is  suggestive  of  the  band  being 
due  to  a  very  similar  cause  in  the  three  substances.  Acetylacetone  had 
been  already  examined  by  Baly  and  Desch  (Trans.,  1904,  85,  1029). 

Murexide. — Several  samples  of  this  substance  were  examined,  some 
in  a  state  of  purity  and  others  in  order  to  trace  the  nature  of  the 
reactions  taking  place  between  alcoholic  ammonia  and  alloxantin,  and 
also  alloxan.  The  spectra  of  various  by-products  or  intermediate 
compounds  were  also  photographed  and  measured,  without  which  it 
would  have  been  very  difficult  to  study  the  chemistry  of  these 
processes.  The  curve  of  murexide  drawn  from  the  later  measure- 
ments of  the  spectra  of  the  pure  compound  is  not  dissimilar  from  that 
figured  in  my  former  paper  (Trans.,  1887,  51,  200),  bat  it  must 
be  understood  that  the  visible  spectrum  in  the  former  observations 
was  measured  by  the  eye,  which  is  more  sensitive  to  the  red  rays  than 
a  photographic  plate,  and  the  solution  contained  0"283  part  of 
murexide  in  100  c.c.  As  the  substance  was  dissolved  by  warm 
water,  the  solution  was  more  concentrated  than  those  more  recently 
prepai-ed,  and  it  may  be  questioned  whether  some  portion  of  the 
murexide  may  not  have  been  resolved  into  uramil  and  alloxan  by  the 
action  of  heat.  The  most  convenient  solution  for  examination  con 
tains  one  milligram-mol.  in  1000  c.c.  of  cold  water,  but  this  quantity 
can  be  dissolved  in  250  c.c.  should  a  stronger  solution  be  desired. 
Although  the  photographs  taken  from  the  spectra  of  solutions  of 
different  concentrations  may  appear  different,  yet  when  curves  are 
plotted  they  are  substantially  the  same  if  the  samples  of  murexide  are 
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pure.  When  the  impurity  does  not  cause  absorption,  the  effect  is 
similar  to  that  of  a  dilution  of  the  murexide  solution ;  but  if  it  shows 
an  absorption  band  either  in  the  visible  or  in  the  ultra-violet  spec- 
trum, the  combined  effect  of  the  two  absorbing  substances  can  be 
ti-aced  in  the  curve,  and  even  in  the  measurements  of  the 
photographs.  On  comparison  of  the  measurements  previously 
published  with  those  of  solutions  made  recently  with  cold  water  there 
is  apparently  less  of  the  substance  than  the  weighed  quantity,  0-285 
gram  in  100  c.c.  of  water,  by  something  like  one-third  the  amount, 
but  on  closer  scrutiny  and  a  comparison  with  the  spectrum  of  the  fluores- 
cent substance  described  in  the  previous  paper  (pp.  1792,  1793),  there  is 
evidence  of  this  having  been  contained  in  the  murexide  examined  in  1887. 
The  evidence  is  the  widening  of  the  second  band,  which  is  situated  in 
the  ultra-violet,  the  first  band  being  in  the  yellow  and  green.  The  thicker 
layers  of  solution  absorb  even  the  red  rays  down  to  about  oscillation 
frequency  1416  near  the  red  lithium  line,  so  to  avoid  elaborate  descrip- 
tions of  spectra  simply  the  measurements  on  either  of  the  absorption 
bands  are  given  with  the  extent  of  the  transmitted  rays. 

Murexide  A.  This  specimen  w^as  pure,  it  had  been  the  subject  of 
investigation  and  found  to  be  anhydrous.  It  was  prepared  by  Liebig 
and  Wcihler's  process. 

Murexide  B.  Also  prepared  by  Liebig  and  Wbhler's  process,  but 
not  at  the  same  time  as  A,  was  well  crystallised  and  pure.  Two 
solutions  of  this  specimen  were  made  and  the  spectra  photographed  by 
different  observers  after  an  interval  of  four  months  ;  the  two  series  of 
measurements  were  identical.  The  concentration  of  the  solution  was 
0'283  gram  in  1000  c.c.  of  water,  and  a  second  solution  was  examined 
after  ten-fold  dilution ;  the  fact  that  a  layer  2  mm.  thick  of  the 
former  shows  the  same  measurements  for  Band  II  as  20  mm.  of  the 
latter  is  evidence  that  the  water  acts  merely  as  a  diluent  and  that  no 
chemical  change  has  taken  place  in  the  constitution  of  the  murexide. 
Band  I  of  the  first  solution  is  not  quite  the  same  as  Band  I  of  the 
latter,  but  is  very  nearly  so.  It  is  not  certain  that  the  same  isochrom- 
atic  plates  were  used  in  each  case,  but  at  all  events  the  dispersion  of 
one  quartz  prism  is  small  in  the  red  and  yellow,  and  the  band  having  no 
well-defined  edges,  very  accurate  measurements  could  not  be  expected. 

Murexide  C.  This  was  prepared  by  heating  05  gram  of  alloxantin 
with  60  c.c.  of  ammoniacal  alcohol  for  three-quarters  of  an  hour ; 
0-0302  of  the  solid  was  dissolved  in  25  c.c.  of  water.  This  specimen  is 
pure. 

Murexide  D  was  prepared  by  Piloty's  method.  0-302  gram  was 
dissolved  in  1000  c.c.  of  water,  filtered  from  insoluble  matter,  which 
amounted    to    50    per     cent,    of    the    specimen.       The    weight   of 
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substance  was  0"151  gram,  or  half  a  molecular  proportion,  and  as  tliis  was 
dissolved  in  1000  c.c.  of  water,  the  solution  is  described  as  contain- 
ing one  milligram-molecule  in  2000  c.c.  The  spectrum  measurements 
agree  with  those  of  pure  murexide  prepared  by  Liebig  and  Wijhler's 
method. 

A  second  specimen  was  made  in  the  same  manner,  murexide  E,  and 
0  302  gram  was  agitated  with  2.50  c.c.  of  water  for  one  and  a  half  hours  ', 
an  insoluble  residue  was  filtered  off,  the  weight  of  which  was  0'148 
gram,  leavicg  the  strength  of  the  solution  practically  one  milligram- 
molecule  in  500  c.c.  This  also  appeai-ed  to  yield  a  pure  solution. 
Piloty  states  that  after  the  second  crop  of  crystals  has  been  formed 
uramil  begins  to  separate. 

Several  other  samples  were  examined,  but  their  spectra  are  not 
described. 

By-jyroducts  in  the  Production  of  Murexide. — In  the  preceding 
account  of  the  production  of  murexide  (p.  1791)  by  the  action  of  alcoholic 
ammonia  on  alloxantin  and  on  alloxan,  two  substances  were  obtained 
which,  judging  from  their  various  reactions,  were  apparently  intei'- 
mediate  products.  The  presence  of  one  of  these  was  detected  in 
murexide  made  by  Liebig  and  Wohler's  process  and  by  Piloty's 
method.  It  is  a  powerfully  fluorescent,  colourless,  crystalline  sub- 
stance, easily  soluble  in  alcohol.  The  second  compound  is  orange- 
coloured  to  scarlet,  soluble  in  alcohol  and  water,  uncrystallisable,  and 
hygroscopic  ;  with  aqueous  ammonia,  it  yields  murexide.  It  is  usually 
mixed  with  some  of  the  first  substance,  the  presence  of  which  may  be 
detected  with  the  microscope  when  the  substance  is  immersed  in 
chloroform.  The  following  experiment  yielded  the  murexide,  the 
spectrum  of  which  is  described  on  p.  1812  :  0*5  gram  of  alloxantin  and 
600  c.c.  of  absolute  alcohol,  saturated  with  dry  ammonia  gas,  were 
heated  on  the  water-bath  in  a  reflux  apparatus  for  half  an  hour, 
allowed  to  cool,  and  filtered  to  remove  the  murexide.  The  solution  had 
a  fine  blue  fluorescence  and  a  scarlet  colour.  Part  of  this  solution  was 
evaporated  to  dryness  in  vacuo  over  sulphuric  acid,  and  the  remaining 
solid,  which  weighed  0-084  gram,  appeared  to  consist  of  two  substances, 
one  red,  the  other  colourless  and  fluorescent.  This  product  was  taken 
up  with  water,  made  up  to  10  c.c,  and  its  spectra  photogx-aphed 
(see  p.  1813). 

The  colourless  alcoholic  solution  of  the  fluorescent  substance  was 
obtained  by  heating  for  one  and  a  half  hours  0'16  gram  of  alloxan 
with  10  c.c.  of  ammoniacal  alcohol.  It  gave  a  powerful  absorption 
band  in  the  ultra-violet,  and  in  order  to  observe  this  better  the 
solution  was  diluted  five-fold.  For  its  spectrum,  see  p.  1813.  The 
liquid   was   next   evaporated   to  dryness  over   sulphuric   acid,    made 
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up  to  10  c.c.  with  alcohol,  and  the  spectrum  again  photographed. 
This  solution  is  about  half  the  strength  of  what  it  was  before 
evaporation  to  dryness  in  vacuo,  as  may  be  seen  by  the  2  mm.  of 
No.  (4)  giving  the  same  spectrum  as  1  mm.  of  No.  (2).  Hence  it  is 
evident  that  half  of  it  had  undergone  a  change  into  another  substance. 


Measurements  of  Spectra  of  the  Ureides. 


Mol. 
wt. 

Dil. 
cub. 
cent. 

Thickness  of  layer  of  solution  in  millimetres. 

Substance. 

25. 

20. 

15. 

10.       5.        4.         3. 

2.        1. 

Va. 

VA. 

Va. 

Vx.    V^.    Va-    V^. 

VA.      Va. 

Barbituric  acid  (aq. ). 

164 

1000 

3878 

-> 

3939     ->      ->      ^ 

->    4153 

Violuric  acid  (ale. )  . 

157 

100 
2500 

3063 

3154 

-> 

3256  3313     ->    3350 
3389  3932  3989 

3481 

Alloxan,  cryst.  (aq.) 

214 

100 

3639 

-> 

-> 

3888  3939     -> 

,,         dried  (aq.). 

160 

100 

3904 

-> 

-> 

3906  3982 

Potassium  alloxanate 

(ale.)    

236 
212 

1000 
150 
750 

3287 

4192 

-> 

^    4233 
3316  3338     ^      -> 
3384  3295  3493 

Caffeine  (aq.) 

3347 

3966* 

Guanine  hydrochlor- 

ide (ale.)  

224 

1000 

3525 

-> 

3562  4040     ->    4155 

4197     -> 

Guanine  hydrochlor- 

ide,   four    months 

later  (ale.)   

224 

1000 

4043 

^ 

->    4156  4235     -> 

->    4261 

Alloxantin,  after  six 

weeks  (aq.)  

322 

250 

3652 

3841 

3904 

-^    3946     ->      -> 

^      ^ 

The  name  of  the  substance  is  given  in  the  first  column, 
(aq.)  means  solution  in  water, 
(ale),  solution  in  alcohol. 

Mol.  wt.  Molecular  weight,  or  milligrams  of  substance  dissolved. 
Dil.  Dilution,  or  the  number  of  c.c.  of  water  in  which  1  milligram-molecule  was 
dissolved. 

->  Indicates  that  the  number  is  repeated  in  succeeding  columns. 

The  numbers  are  inverse  wave-lengths  and  indicate  where  the  sijectrum  ends. 

*  See  also  p.  1809  for  another  spectrum  of  caffeine. 
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Measurements  of  the  Spectra  of  the  Ureides. 


Substance. 

Mol. 
wt. 

Dil.  ; 
cub. 
cent. 

Thickness  of  layer  of  solution  in  millimetres. 

25.      20.      15.     10.       5.        4.         3.        2.        1.    ^ 

i/A.    V^-   'A-   'A-    'A-    V^-    V^-    'A-    'A- 

Violuric  acid  (aq.)... 

157 

100 

1833 
Band 
1833 

to 
2008 

2804  2890     ■>    2943  3030  3069  3159  33C5  3530 

Sodium  violurate 

(aq.) 

179 

100 

1730  1810  1867 
Band  Band  Band 
1730  1810  1867 

to        to        to 
1796  1945  1923 

2775  2807     ^      ->    2836  2894     ^    2920 

500 

2953  3003  3015  307S 
Band  Band  Band  Band 
2953  3003  3015  3878 

to        to       to        to 
3655  3488  3488  3451 
3591  3585  3535  3498  3984 

Uric  acid  (aq.)    

168 

3000 

3301     ->-    3330  3359  3398 
Band  Band  Band  Band 
3313  3330  3359  3398 

to        to        to        to 
3838  3771  3771  3482 
3904  3982     ^      ^      ->      -> 

Lithium  urate  (aq.).. 

174 

1000 

3330     ->    3376     ^    3496     ^    3524 
Band  Band           Band 
3376  3496     ->    3524 

to        to                  to 
4115  3378     ->    3751 
4153  4197     ^      -^      ^ 

194 

1000 

3562            3601  3647  3714  3754  3803 

Band  Band 
3754  3803 

to        to 
4081  4081 

4192  4235  4261 

Ethoxycaffeine(alc.) 

238 

1000 

i 

3530             3565     ->              3656  3754 
Band  Band  Band  Band 
3565     ->    3650  3754 

to                 to       to 
4150     ->    4118  4013 
4197     ^      ->      ->    4238 
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Measurements  of  the  Spectra  of  the  Ureides — (continued). 


Substance. 

Mol. 

AVt. 

Dil. 
cub. 
cent. 

Thickness  of  layer  of  solution  in 
millimetres. 

20.  10.   5.   4.   3.   2.   1. 

VA.  VA.  v^-  Va.  Va.  Va.  Va. 

Theoljromine,  1  (acj.),  NH3... 

180 

1000 

3562  ->  3650  3716  3748  3878  4192 
Band  Band  Band 
3716  3748  3878 

to   to   to 
4150  4150  4113 

4192  ->  4192 

Theobromine,  2  (aq.)>  at  100° 

180 

1000 

3568  3607  3656  3713  3762  3808 
Band  Band 
3762  3808 

to   to 
4062  4010 
4197  4235  4260 

322 

250 

3364  3400  3490  3652  3587  3562 

freshly  prepared 

Band  Band 
3587  3562 

to   to 
3843  3794 
3966  -> 

Dialuric  acid  (aq. )  

144 
100 

100 

3364  3400  3490  3652  3587  3652 
Band  Band 
3587  3652 
to   to 
3843  3794 
3966  ^ 

Acetylacetone,  1  (ale.)  

1000 

3500  3530  3562  3597  3740  3819 
Band  Band 
3765  3805 

to   to 
4087  4006 
4155  4195  4235 

Acetylacetone,  2  (ale.)   

100 

1000 

3500  3527  3565  3607  3765  3805 
Band  Band 
3765  3805 

to   to 
4086  4010 
4156  4172  423.-J 
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to 
3210 
Band  I 
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to 
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1828 

Band 

1828 

to 

1939 
4197 

3165 

Band 

3165 

to 
3500 
3754 

^ 

j 
1 

i  i   ^  -fs 

CO 

1806 
I  Band  I 
1806 

to 
2450 
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3142 
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3142 

to 
3500 
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Description  of  the  Illustrations. 

The  absorption  bands  in  the  spectra  of  the  ureides  being  of  a  diffuse 
and  comparatively  feeble  character,  the  actual  photographs  of  a 
selection  of  them  are  reproduced.  Curves  drawn  from  measurements 
in  the  usual  manner  fail  to  represent  important  peculiarities  which 
serve  to  distinguish  the  spectra  of  these  substances  from  those  which 
are  characteristic  of  the  generality  of  aromatic  compounds. 

(1)  Violuric  acid,  alcoholic  solution,  16  spectra. 

One   milligram-molecule  in   100  c.c.   in    cells  of    25  mm.,    20,    10, 

5,  4,  3,  and  2  mm.  thickness. 

One  milligram-molecule  in  500  c.c.  in  cells  of  5,  4,  .3,  and  2  mm. 
thickness. 

One  milligram-molecule  in  2500  c.c.  in  cells  of  5,  4,  3,  and  2  mm. 
thickness. 

A  continuous  spectrum,  colourless. 

(2)  Yioluric  acid,  aqueous  solution,  16  spectra. 

One  milligram-molecule  in  100  c.c.  in  cells  of  25  mm.,  20,  15,  10,  5, 
4,  3,  and  2  mm.  thickness. 

One  milligram-molecule  in  500  c.c.  and  in  2500  c.c,  each  in  cells  of 

6,  4,  3,  and  2  mm.  thickness. 

Very  feeble  indications  of  selective  absorption  in  the  visible  and 
ultra-violet  may  be  seen. 

(3)  Sodium  violurate,  aqueous  solution,  16  spectra. 

One  milligram-molecule  in  100  c.c.  in  cells  of  25  mm.,  20,  15,  10,  5, 

4,  3,  and  2  mm.  thickness. 

One  milligram-molecule  in  500  c.c.  and  in  2500  c.c,  each  in  cells  of 

5,  4,  3,  and  2  mm.  thickness. 

Two  absorption  bands  well -developed  the  most  important  being  in 
the  ultra-violet. 

(4)  Alloxantin,  an  aqueous  solution  freshly  prepared,  6  spectra. 
One  milligram-molecule  in  250  c.c.  in   cells  of  15,  10,  5,  4,  3,  and 

2  mm.  thickness. 

Remarkable  absorption  band  in  the  ultra-violet,  which  disappears 
upon  keeping  the  solution. 

(5)  Dial  uric  acid,  aqueous  solution,  16  spectra. 

One  milligram-molecule  in  100  c.c.  in  cells  of  25  mm.,  20,  15,  10, 
5,  4,  3,  and  2  mm.  thickness. 

Absorption  band  in  the  ultra-violet  identical  with  that  which 
develops  in  alloxantin. 

(6)  Uric  acid,  aqueous  solution,  8  spectra. 

One  milligram-molecule  in  3000  c.c.  in  cells  of  25  mm.,  20,  15,  10, 
5,  4,  3,  and  2  mm.  thickness. 
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Absorption  band  in  the  ulfcra-violet. 

(7)  Caffeine,  aqueous  solution,  16  spectra. 

One  milligram-molecule  in  cells  of  25  mm.,  20,  15,  10,  5,  4,  3,  and 
2  mm,  thickness. 

No  absorption  band  to  be  seen. 

(8)  Ethoxycaffeine,  alcoholic  solution,  8  specti'a. 

One  milligram-molecule  in  1000  c.c.  in  cells  of  20  mm.,  10,  5,  4,  3, 
2,  and  1  mm.  thickness. 

Absorption  band  in  the  ultra-violet. 

(9)  Theobromine,  an  old  solution,  7  spectra,  in  cells  of  20  mm,, 
10,  5,  4,  3,  2,  and  1  mm.  thickness  ;  of  the  same  strength  as  the 
ethoxycaffeine. 

The  spectrum  shows  the  development  of  a  band.  The  same  band 
appears  well  developed  when  the  solution  is  made  with  boiling,  it  is 
not  seen  when  the  solution  is  prepared  with  cold  aqueous  ammonia. 

Below  the  theobromine  spectra  are  scales  of  oscillation-frequencies 
and  wave-lengths  which  serve  to  indicate  the  position  of  the  bands. 

Discussion  of  the  Results. 
On  reviewing  the  whole  of  the  facts,  it  is  clear  that  the  simple  ureides 

^•0<?J^:g^O(0«).     CO<^H;CO>CH,    CO<^H;gO>CH.OH 

Alloxan.  Barbitnvic  acid.  Dialuric  aciil. 

NH^-CO-NH-CO-CO-CO-OK        CO  <^^;^q>CH(N0) 

Potassiiun  alloxanate.  Violuric  acid. 

^0<NH^C0>^H-^H2 

Uramil. 

show  no  absorption  bands  in  their  spectra,  and,  as  a  rule,  they  transmit 
the  ultra-violet  rays  freely.  It  will  be  noticed  that  the  above  oximino- 
rings  have  the  same  optical  properties  as  cyanuric  acid  and  its  esters, 
tricarbamide  and  its  esters,  melamine  and  its  triothyl  ester  {Brit.  Assoc. 
Rej)ort,  1901,  Hartley,  Dobbie,  and  Lauder).  Dialuric  acid,  being 
intermediate  in  structure  between  barbituric  acid  and  alloxan,  can 
certainly  have  no  band  in  its  spectrum,  that  which  appears  when  the 
solution  of  the  substance  is  examined  being  entirely  due  to  the  diureide 
alloxantin,  into  which  it  is  completely  converted. 

Similarly,  it  has  been  shown  that  pure  violuric  acid  shows  no  band, 
but  by  the  action  of  a  trace  of  alkali  or  of  calcium  carbonate  the 
aqueous  solution  acquires  a  colour.  The  facts  observed  in  solutions  of 
violuric   acid    are    in   harmony   with  the   views  of  Hantzsch    and   of 
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Guinchard,  namely,  that  the  pseudo-acid  is  the  colourless  svibstance, 
whether  in  the  solid  form  or  in  solution,  and  that  it  may  be  converted 
into  a  coloured  salt. 

The  stability  of  the  colour  of  sodium  violurate  with  its  two  very 
definite  absorption  bands  appears  to  be  due  to  its  constitution  being 
entirely  of  the  nature  represented  by  the  formula 

The  following  reaction  of  alloxan  is  of  interest  in  connection  with 
the  colour  of  the  violurates.  Hydrated  alloxan,  when  powdered  along 
with  pure  calcite,  acquires  a  yellowish-pink  tinge ;  after  half  an  hour, 
the  colour  is  decided  and  it  is  permanent ;  on  adding  water,  a  solution 
with  the  colour,  but  rather  redder,  is  obtained.  When  alloxan  dried 
at  100°  is  similarly  treated,  there  is  no  colour  developed  until  after 
water  has  been  added.     Alloxanic  acid  gives  no  such  colour  reaction. 

Of  substances  which  exhibit  bands  in  their  absorption  spectra  there 
are  (a)  certain  oxypurin  derivatives  and  (b)  diureides,  or  substances 
which  contain  two  oximino-riogs  linked  together  by  oxygen  or  by 
nitrogen.  With  the  exception  of  guanine  hydrochloride,  the  former  group 
contains  the  following  compounds,  which  are  typical  examples  in  which 
the 

^^^   .NH-CO-C-NH.      ^^  ^,^    .NH-CO-C-NH^^^^. 

Uric  acid.  Lithium  urate. 

Caiieine.  Theobromine. 

(Trimethylxanthine.)  (Dimethylxanthine. ) 

PO/^(C^3)-CO-C-N(CH3) 
^^<N(CH3) C N>^  ^  ^-'^^ 

Ethoxycaffeine. 

Guanine  hydrochloride. 

absorption  properties  vary ;  thus,  uric  acid,  lithium  urate,  and  ethoxy- 
caffeine show  perfectly  definite  bands  in  their  spectra,  but  neither 
caffeine  nor  theobromine  shares  this  property.  It  is  true  that  they 
show  a  tendency  to  form  a  band  by  a  sudden  lengthening  of  the  trans- 
mitted spectrum,  but  the  actual  selective  absorption  is  only  developed 
by  keeping  the  solutions  or  by  preparing  them  by  boiling  the  substances 
with  water.  The  great  lengthening  of  the  ti-ansmitted  spectrum 
appears  to  be  evidence  of  isodynamic  change,  and  it  is  only  by  the 
action  of  heat  that  it  can  be  rapidly  completed;  in  other  words,  that 
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the  substance  originally  dissolved  is  changed  into  its  isomeride.  This 
is  a  point  of  particular  interest,  since  Baly  and  Desch  (Trans.,  1904, 
85,  1029)  attribute  the  formation  of  a  band  in  the  spectrum  of  acetyl- 
acetone  not  solely  to  one  structure  or  another  which  it  is  possible  to 
formulate  for  the  same  substance,  but  to  the  change  from  the  one  to 
the  other  structure.  This  theory  necessitates  the  two  isomerides 
being  in  solution  at  the  same  time  and  in  a  state  of  equilibrium,  so  that 
the  reaction  is  reversible.  Guanine  hydrochloride  shows  no  absorption 
band  and  no  tendency  to  the  formation  of  one ;  such  change  as  its 
solution  shows  on  keeping  is  an  increased  transmission  of  the  spectrum. 
The  possible  isodynamic  changes  are  the  following  : 

CO<^jj_M,^.jj>CO    ^     CO<^^_M_^>C.OH 

Uric  acid. 

*  Litliium  urate. 

Ethoxycaffeiue. 

By  the  action  of  water,  ethoxycaifeine  would  yield  trimethyluric 
acid  and  alcohol  : 

,N(CH3)-CO-C-N(CH3). 
KCH3)- 

In  order  to  determine  whether  any  particular  structural  differences 
occur  in  the  constitution  of  those  substances  which  exhibit  absorption 
bands  and  those  which  do  not,  it  is  necessary  to  examine  and  compare 
their  properties  very  carefully.  First,  a  ring  structure  is  not  alone 
essential,  since  the  oximinoketone  rings  show  no  bands ;  secondly,  the 
oxypurin  compounds  which  show  bands  in  their  spectra  are  easily 
converted  into,  simple  oximinoketones  which  do  not.  For  example, 
by  the  action  of  nitric  acid,  uric  acid  is  resolved  into  alloxan  and 
the  residue  of  urea,  thus  : 

^«>co. 

*  It  is  immaterial  whether  tlie  lithium  occupies  oue  or  even  two  of  the  positions 
of  the  imidic  hydrogens  in  the  other  part  of  the  ring,  the  isodynamic  change  could 
still  occur. 


CO<-^:-l«^-->CO.C,H,OH. 
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The  difference  between  the  two  is  an  ethylenic  linking  in  the  uric 

acid  which  is    within   the    ring.     Thirdly,    the  unsaturated  ketones, 

which  are  open-chain  compounds,  described  by  Wallach  {Chem.  Gentr., 

1897,  i,  373),  have  ethylenic  linkings  associated  with  a  carbonyl  group 

(0!0),  and  so  likewise  has  acetylacetone.     Fourthly,  by  methylating 

oxycaffeine,  E.  Fischer  obtained  the  two  ketonic  and  enolic  isonierides, 

namely,  tetramethyluric  acid  and  methoxycaffeine  ;  W.  Wisliceaus  and 

Korber  found  {Ber.,  1902,  35,    1992),  that  the  lactim  ether  can  be 

completely  converted  into  the  lactam  by  continued  heating,  and  that 

similarly   ethoxycaffeine   is  converted  into  trimethyluric  acid.     The 

essential  changes  in  these  three  instances  may  be  reduced  to  their 

_C:0  _v      -C-OAlkyl 

simplest  expression  thus :    -Jj-.,,    ,       Z^     _\X  >  where  the 

conversion  of  the  ketonic  into  the  enolic  form  causes  a  double  linking 
(CIO)  external  to  the  ring  to  be  changed  to  an  ethylenic  linking 
within  the  ring.  The  observations  made  on  the  spectra  of  solutions 
of  theobromine  and  caffeine  show  that  such  changes  are  not  only 
liable  to  take  place,  but  probably  do  occur  in  these  compounds.  Thus 
the  differences  between  ^the  spectra  of  uric  acid,  caffeine,  and  theo- 
bromine are  but  slight ;  the  first  has  a  stronger  absorption  band  and 
this  is  intensified  by  the  formation  of  lithium  and  sodium  salts. 
Similai'ly,  the  ill-defined  absorption  band  in  caffeine  is  intensified  and 
definite  in  ethoxycaffeine.  Theobromine  differs  but  slightly  from 
caffeine,  having  one  methyl  less,  and  the  band  becomes  definite  by 
boiling  the  solution  ;  it  is  therefore  probable  that  a  methoxy-com- 
pound  is  formed  by  the  conversion  of  a  ketonic  into  an  enolic  iso- 
meride  with  a  corresponding  double  linking  adjacent  to  it  within  the 
ring. 

There  is  another  peculiarity  in  the  oxypurin  derivatives  which 
must  not  be  overlooked,  their  absorption  bands  have  but  a  short 
duration  or  intensity  after  the  band  has  first  appeared,  and  in  each 
case  the  band  is  broad.  With  caffeine,  it  occurs  when  5  mm.  to  7  mm. 
of  a  solution  are  examined  containing  1  milligram-molecule  in  3750  c.c 
of  water,  and  there  is  then  a  sudden  extension  of  the  transmitted  rays. 
The  same  change  occurs  with  theobromine  when  2  mm.  to  4  mm.  of  a 
solution  are  examined  containing  1  milligram-molecule  in  1000  c.c.  of 
water.  This  is  suggestive  of  a  molecular  change  being  effected  by 
large  dilution  and  also  by  boiling  with  water.  The  difference  between 
uric  acid  and  lithium  urate  on  the  one  hand,  and  between  caffeine  and 
theobromine  on  the  other,  is  that  the  former,  which  are  trioxypui'ines, 
have  a  more  powerful  absorption  than  the  latter,  which  are  dioxy- 
piirins.  The  difference  between  the  dioxypurins  and  the  monoxy- 
purin,  guanine,  is  that  the  latter  shows  no  band  or  tendency  to  form 
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a  band.     It  has,  however,  been  shown  by  L.  Soret  that  sarcine,  which 

belongs  to  the  same  class  as  guanine,  does  show  a  band  (Arch.  Sci. 

jyhjs.  nat.,  1883,  (iii),  10,  139—204). 

There  are  three  double  linkings  in  the  guanine  ring  and  but  two  in 

the  five   other  purin   derivatives  ;   it   is  therefore  obviously  not  the 

double  linkings  simply,  but  the  number  and  disposition  of  the  ketone 

IN  IN 

complexes,    admitting    of    the    changes  "^CO     — >■     \^^C*OH 

in  the  2:6:8-  and  2 :  6-oxypurins,  with  the  simultaneous  double 
linking  within  the  ring  when  the  ketonic  is  converted  into  the  enolic 
form.  It  has  already  been  recorded  that  the  band  in  acetylacetone  is 
precisely  the  same  as  that  in  theobromine  and  caffeine. 

The  diureide,  alloxantiu,  which  shows  an  absorption  band,  is  formed 
from  the  linking  of  two  oximinoketone  rings,  neither^of  which  has  this 
property : 

/XH-CO\  /CO-NH. 

C0<  HO^C-0-C^H  >C0 

\NH-CO/  \C0-NH/ 

Alloxantiu. 

^o<nh;co>'=h-oh       co<f|:^o>c(OH), 

Dialiiric  acid.  Alloxan. 

but  by  the  action  of  water  the  substance  is  hydrolysed.  Piloty  found 
that  alloxantiu  is  resolved  by  boiling  with  dimethylamine  acetate 
into  alloxan  and  dimethylamine  dialurate  {Annalen,  1904,  333,  22), 
and  the  formula  which  he  proposes  is  almost  identical  with  that  which 
I  had  adopted  from  von  Baeyer.  In  fact  a  solution  of  alloxantin 
behaves  like  a  mixture  of  alloxan  and  dialuric  acid. 


The  Constitution  of  JIurexide. 

Piloty  and  Finckh,  in  order  to  explain  the  chromogenic  proper- 
ties of  uric  acid  derivatives,  compare  the  chemical  properties  and 
structural  formulas  of  quinone  and  alloxan.  The  formula  for  alloxan 
which    they    adopt    is    not    that    of    von    Baeyer,     but    the    older 

one,  CO<\-j^-rT.p/-)/*GO,   from    which    the   constitutional    water    and 

water  of  crystallisation  have  been  omitted,  Piloty  prepared  murexide 
by  the  action  of  an  aqueous  solution  of  ammonium  acetate  jointly  with 
ammonium  hydrogen  carbonate  on  alloxantin.  The  formula  for 
murexide  deduced  from  this  reaction  is  that  of  a  diureide  oxazon- 
ammonium  salt,  thus  : 
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C  N  CO 

/\   <^\    /\ 
HN       C         C        Nfl. 

:  CO     C        C        CO 


NH  1    O         NH 
O-NH, 

E..  Mohlau  {Ber.,  1904,  37,  2686)  assigns  reasons  for  not  accepting 
Piloty's  formula  for  murexide,  and  also  points  out  that  alloxan  is  not 
truly  a  quinonoid  substance  but  a  triketone.  He  represents 
murexide  as  a  ketoimide  having  an  unsymmetrical  structure  such  as  may 
be  expressed  by  one  of  the  following  formulae : 

^^<NH-CO>^-^'^(^^^^^<CO-NH>^^  ^" 

/NH-CO^         (./CO NH^ 

The  second  of  these  is  identical  with  the  formula  which  I  deduced  from 
the  action  of  alcoholic  ammonia  on  alloxantin  (p.  1794). 

Max  Slimmer  and  Stieglitz  having  prepared  alkyl-substituted 
ammonium  purpurate  and  purpuric  acids  also  conclude  that  the  two 
ureide  rings  are  not  symmetrically  linked  [Amer.  Chem.  J.,  1904,  31, 
661).      Their  formula  for  purpuric  acid  is  the  following  : 

(11  Hi)  (6')  (1') 

/NH-CO.  '"'       /CO-NH. 

'■-»C0<  >CH-N:C<<rv,  )C0'-'' 

\nh-co/(5)  \co-nh/ 

(3)  (4)        ■  {4')  (3') 

and  the  ammonium  salt,  murexide,  is  written  thus  : 
p    /NH-C0^,,.^.../C0-NH^. 


The  former  does  not  differ  materially  from  the  formula  given  by  me 
(p.  1794)  for  the  orange-coloured  substance  which,  by  the  action  of 
aqueous  ammonia,  yields  murexide,  the  spectrum  of  which  I  measured, 
and  the  second  formula  is  the  same  as  that  which  I  gave  for  murexide 
itself.  They  express  the  opinion  that  the  change  in  structure  observed 
in  the  murexide  ring  between  C(4)  and  C(5)  may  have  an  important  con- 
nection with  the  question  of  colour  in  this  group.  This  is  one  of  the 
several  instances  brought  forward  where  the  CIO  or  ketonic  linking 
external  to  the  ring  is   converted    into  an    enolic  group,  C'OH,  and 
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simultaneously  into  an  ethylenic  linking  within  the  ring  ;  but  the 
band  in  this  instance  is  intensified  and  another  one  is  introduced  by 
the  formation  of  an  ammonium  salt.  Max  Slimmer  and  Stieglitz  have 
synthesised  various  alkyl-substituted  purpurates,  for  example,  an 
ammonium  1  :  3-dimethylpurpurate  hydroxide  and  its  isomeride  1' :  3', 
in  which  the  methj-ls  are  in  the  other  ureide  ring,  and  also  an  ammonium 
7 -methyl purpurate  hydroxide  ;  the  former  two  differ  from  the  last  by 
having  the  ureide  rings  differently  linked  ;  the  linking  in  the  former  is 
>C:N-C^,  whilst  that  in  the  latter  is  >C(0H)-N(CH3)-C^.  If  this 
has  been  proved,  and  there  seems  no  reason  to  doubt  it,  it  affords 
evidence  that  the  mode  of  linking  of  the  two  rings  is  not  essential  to 
the  chromogenic  property  of  the  compound,  and  apparently  it  is  not 
in  the  case  of  alloxantin,  where  the  two  oximinoketone  rings  are  joined 
by  an  atom  of  oxygen.  The  chromogenic  property  depends  largely  on 
the  nature  of  the  rings  ;  thus,  if  the  ureide  be  alloxan  and  the  other  ring 
a  phenol  or  an  aniline,  an  indophenol-ureide  or  an  indoaniline-ureide 
results  which  in  either  case  is  not  alone  a  colour  but  a  dye.  Piloty 
has  directed  attention  to  these  substances  and  given  the  following 
formula  to  dimethylureideindoaniline,  but  the  corresponding  ureide- 
indophenol  has  not  been  obtained  in  a  pure  state  : 

co<SH:co>c-^-c<[;l;Sg>c-N(CH3), 

Then,  again,  in  the  conversion  of  alloxantin  and  of  alloxan  itself  into 
a  dye  like  murexide,  we  have  similarly  the  linking  of  the  rings  as  in 
alloxantin,  but  with  niti'Ogen  instead  of  oxygen,  and  although  the 
condensation  product,  the  fluorescent  substance,  is  not  itself  possessed 
of  colour,  it  has  a  powerful  absorption  band,  and  by  producing  a  purpuric 
acid  or  pseudo-acid,  the  orange-coloured  compound,  a  colour  is  developed 
which,  by  conversion  into  an  ammonium  salt,  becomes  intensely 
coloured.  Obviously  the  linking  of  the  iminoketone  rings  is  first 
involved,  which  gives  rise  to  an  absorption  band  in  the  ultra-violet, 
which  constitutes  it  an  invisible  colour  or  chromogen,  and  subsequently 
the  colour  is  developed  by  the  formation  of  the  orange  or  scarlet  sub- 
stance, and  intensified  by  the  formation  from  this  of  a  salt.  This  is 
apparently  caused  by  a  further  double  linking  which  is  within  one  of 
the  rings. 

Conclusions. 

1.  Simple  ureides  exhibit  spectra  without  absorption  bands. 

2.  The  linking  together  of  two  simple  ureides  by  one  or  more  poly- 
valent atoms  causes  a  powerful  selective  absorption,  which  is  destroyed 
when  the  rings  are  disunited  by  hydrolysis  or  otherwise. 

3.  The  purin  compounds  cause   the    production   of   bands  in  their 
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spectra  when    a   CIO  group  is   converted  into  an  etbylenic    linking 
within  the  ring  and  a  C'OH  group  adjoining  it. 

4.  The  purin  compounds  show  spectra  with  selective  absorption, 
which  increases  in  intensity  with  the  number  of  CIO  groups  in  the 
ring  ;  it  is  strongest  with  trioxypurins,  less  well  defined  in  dioxypurins, 
and  feeble  or  altogether  absent  from  monoxypurins. 

5.  The  formation  of  alkaline  salts  intensifies  absorption  bands  or 
produces  colour,  and  indefinite  bands  become  well  defined  in  presence 
of  an  alkali, 

6.  The  complete  and  instantaneous  conversion  of  dialuric  acid  into 
alloxantin  has  been  measured  with  quantitative  precision  on  photo- 
graphed spectra  of  its  solution,  and  the  alloxantin  has  been  shown  to 
undergo  further  change  as  a  result  of  hydrolysis. 

7.  The  essential  conditions  for  the  formation  of  a  colour  such  as 
murexide  is,  first,  the  linking  of  two  oximinoketone  rings  by  oxygen  or 
by  nitrogen  ;  secondly,  the  formation  of  one  or  more  ethylenic  linkings 
within  the  rings ;  and  thirdly,  the  formation  of  a  salt  from  this 
compound. 

It  is  with  pleasure  that  I  acknowledge  the  efficient  assistance  rendered 
me  by  Mr.  W.  J.  Wren,  A.K.C.Sc.I.,  and  Mr.  Douglass  Mellon, 
A.E,.C.Sc.'I.,  both  of  whom  not  only  carried  out  much  of  the  purely 
organic  work,  but  also  took  many  series  of  photographs  and  measured 
many  of  the  spectra.  My  thanks  are  due  also  to  Dr.  Donnan  for  a 
specimen  of  violuric  acid. 

RoyAL  College  of  Science, 

Stephen's  Green, 
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CLXXV. — Observations  on  Chemical  Sti-ucture  and  those 
Physical  Projyerties  on  ivhich  the  Theory  of  Colour 
is  based. 

By  Walter  Noel  Hartley,  D.Sc,  F.R.S. 

Arising  out  of  the  foregoing  communication  on  the  ureides  and 
murexide,  and 'also  several  contributions  to  the  Society's  Transactions 
(Trans.,  1801,  39,  153;  1882,41,45;  1885,47,685;  1887,51,153; 
and   1888,  53,  641)  made  in   previous    years,    there   are   numerous 
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observations  which,  taken  in  conjunction  with  those  of  other  workers 
(Graebe  and  Liebermann,  Ber.,  1867,  1,  104  ;  H.  E.  Armstrong, /'roc, 
1888,4,  27;  1892,  8,  101,  189,  and  194;  1893,  9,  52  and  206), 
tend  to  elucidate  the  origin  of  colour  in  organic  compounds.  Coloured 
compounds  and  dyes  are  derived  from  substances  which  are  invisibly 
coloured,  that  is  to  say,  those  which  exert  a  powei-fal  selective 
absorption  in  the  ultra-violet.  This  absorption  property  is  to  be  con- 
sidered as  the  basis  of  all  colour,  and  it  depends  on  structural 
constitution. 

It  has  been  explained  as  being  an  effect  due  to  the  motion  of  the  mole- 
cules and  to  corresponding  vibrations  resulting  within  the  molecules 
synchronising  with  those  of  the  rays  absorbed.  In  connection  with 
chemical  constitution,  it  was  pointed  out  that  dyes  are  derived  from 
endothermic  compounds  (Trans.,  1893,  63,  243). 

A  particular  form  of  constitution,  namely,  that  of  quinone,  is 
advocated  as  the  cause  of  colour  in  aromatic,  compounds  by  Nietzski, 
(Chemie  der  organischen  Farhstoffe,  Berlin,  1888),  H.  E.  Armstrong, 
A.  G.  Green,  and  more  recently  by  A.  Baeyer  and  Villiger  {Btr.,  1904, 
37,  2848).  We  have,  furthermore  {Ber.,  1876,  9,  522  ;  Journ.  Chem. 
Soc,  1876,  403;  Trans.,  1879,  35,  179  and  356),  Otto  Witt's  theory 
of  chromophores  in  dyes. 

In  all  these  cases  structural  similarities  and  differences  are  made 
to  account  for  the  advent  of  colour  and  the  conversion  of  a  coloured 
into  a  colourless  substance. 

Certain  unsatui-ated  ketones  have  also  been  recognised  as  containing 
the  following  chromophoric  groups  : 

(1)  co-o:c-c:c  (2)  co-co-c:c 

(3)  c:c-co-c:c  (4)  co-c:c-co. 

It  was  shown  by  Wallach  {Cliem.  Centr.,  1897,  i,  373—374 ;  also 
Abstr.,  1897,  i,  194)  that  the  introduction  of  an  ethylenic  linking 
adjacent  to  a  carbonyl  group  produces  a  greater  absorptive  power  for 
the  violet  rays  in  a  derivative  than  that  possessed  by  the  parent 
substance,  and  hence  the  substance  is  green  or  yellow.  If  the  carbon 
atoms  on  both  sides  of  the  CIO  group  are  attached  to  the  rest  of  the 
molecule  by  ethylenic  linkings,  a  still  more  powerful  absorption 
is  exhibited.  Kostanecki  and  Rossbach,  and  E.  Haller  and 
Kostanecki  {Ber.,  1897,  30,  2947),  also  Kesselkaul  and  Kostanecki 
(Abstr.,  1896,  i,  606),  Friedlander  and  Lciwy  (Abstr.,  1897,  i, 
32),  have  made  important  observations  on  this  subject. 

It  has  been  pointed  out  that  the  chromophores  (1)  and  (2)  contain 
the  same  atomic  groupings  as  o-quinones,  and  that  (3)  and  (4)  have  the 
same  configuration  as  />quinone.s. 
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o-Quiiione.  p-Quinone. 

The  unsaturated  ketones  R-CiO'CHIC'R'  contain  the  chromophores 
C!0  and  CIC,  as,  for  instance,  benzylideneacetophenone, 
CeH5-CH:CH-C(:0)-C6H5. 

The  two  quinones  contain  the  chromophores  of  the  unsaturated 
ketones  twice  in  their  ring  structure,  as  is  indicated  by  the  dividing 
diagonal  lines  in  each  of  the  above  formulse. 

In  these  instances  it  is  not  the  ketonic  grouping,  but  the  ketonic 
linked  either  directly. or  indirectly  with  an  ethylenic  grouping  which 
constitutes  the  chromophore ;  if  it  were  otherwise,  then  diketohexa- 
methylene  or  a  substance  such  as  alloxan  would  exhibit  spectra  with 
absorption  bands,  but  they  do  not  (Hartley  and  Dobbie,  Trans.,  1898, 
73,  593). 

According  to  Witt,  that  which  contains  only  a  chromophore  is  a 
chromogen,  but  a  chromogen  may  be  a  substance  which  absorbs  rays 
either  in  the  visible  or  ultra-violet,  such  as,  in  the  former,  azobenzene, 
and  in  the  latter  benzene,  from  which  the  properties  of  a  dye  are 
developed  by  a  chromophore  of  an  acid  or  basic  character.  Among 
the  best  examples  which  illustrate  the  nature  of  a  chromophore  and 
the  production  of  a  dye  from  a  chromogen,  with  a  further  altera- 
tion in  depth  of  shade  depending  on  the  position  of  the  auxochrome,  are 
the  six  isomeric  monohydroxybenzylideneacetophenones  (oxychalkones) 
of  Kostanecki  and  Tambor  {Ber.,  1899,  32,  ii,  1921).  In  these  com- 
pounds the  two  benzene  rings  are  to  be  regarded  as  the  chromogens  ; 
they  are  linked  by  a  ketoethylenic  group,  CO- CHIC H,  the  chromophore, 
and  the  shade  of  c  jlour  is  varied  according  to  the  position  of  the 
auxochrome  (OH)  in  relation  to  the  ketonic  linking.  Another 
example  is  afforded  by  the  blue  dye  described  by  Piloty  (Annalen, 
1904,  333,  36),  obtained  from  dimethyl-p-phenylenediamine  as  the 
chromogen,  with  the  oximinoketone  ring,  alloxan,  as  the  chromo- 
phore. The  ethylenic  linkings  are  contained  in  the  chromogen, 
the  ketonic  in  the  chromophore.  A  remarkable  example  is  the  pro- 
duction of  murexide  by  the  union  of  alloxan  and  uramil  where 
the  ethylenic  linking  results  from  the  condensation  of  the  two 
molecules. 

By  the  systematic  study  of  absorption  spectra  can  we  alone  obtain 
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the  necessary  accumulation  of  facts  which  may  enable  us  to  arrive  at 
a  just  conclusion  as  to  the  oi-igin  of  colour.  That  a  ring  structure  is 
involved  and  that  the  mode  of  linking  of  the  components  of  the  ring, 
whether  it  be  homocyclic  or  heterocyclic,  is  of  importance  has  been 
proved  in  the  large  majority  of  instances. 

Baly  and  Desch  (Trans.,  1904,  85,  1029)  account  for  an  absorption 
band  in  the  ultra-violet  spectrum  of  acetylacetone  and  its  aluminium 
derivative  by  the  occurrence  of  isodynamic  changes  in  the  substance ; 
ethyl  acetoacetate  shows  no  band,  but  its  aluminium  derivative  shows 
a  strong  band  almost  identical  with  that  of  acetylacetone.  The 
difference  between  acetylacetone  and  ethyl  acetoacetate  is  that  there 
are  two  ketonic  (CIO)  groups  which  may  become  enolic  in  the  former, 
and  only  one  in  the  latter.  The  enolic  groupings  would  thus  leave 
two  ethylenic  linkings  (CIC)  in  the  former  and  but  one  in  the 
latter.  These  compounds  contain  the  chromophore  of  the  unsaturated 
ketones. 

The  aluminium  compounds  of  acetylacetone  and  of  ethyl  acetoacetate 
both  show  a  similar  absorption  band,  but  ethyl  acetoacetate  itself 
shows  none.  This  recalls  the  action  of  alkalis  and  alkaline  earths, 
which  in  many  cases  develop  colour. 

The  following  theory  of  colour  has  recently  been  put  forward  by 
Jules  Schmiedlin  {Compt.  rend.,  1904,  139,  872).  A  true  colouring 
matter  or  dye  contains  an  endothermic  group  which  is  the  cause  of  the 
colour,  but  the  colour  is  rendered  permanent  by  a  particular  arrange- 
ment of  the  molecule  in  which  ausochromic  and  exothermic  groups 
take  part. 

In  other  words,  a  colouring  matter  is  characterised  by  a  molecule 
containing  a  strongly  exothermic  group  (the  auxochrome),  which  by 
means  of  a  particular  arrangement  at  another  part  of  the  molecule 
excites  the  formation  of  an  endothermic  group  (the  chromophore) ; 
this  contains  ethylenic  bonds  which  admit  of  a  part  of  the  molecule 
vibrating  in  response  to  synchronous  luminous  vibrations,  which  act  as 
the  motive  power.  The  essential  point  is  the  characteristic  dualism  of 
the  molecule  of  the  colouring  matter,  which  contains  two  very  different 
groups  endowed  with  very  different  quantities  of  energy.  Schmiedlin 
adds  a  note  to  the  effect  that  Helmholtz  *  in  developing  Sellmayer's 
theory  of  anomalous  dispersion  found  it  necessary  to  explain  absorp- 
tion phenomena  by  the  introduction  of  the  following  hypothesis.  It  is 
necessary  to  admit,  what  perhaps  does  not  entirely  correspond  with 
reality,  that  there  are  heavy  central  masses  in  the  molecule  which 
remain  immovable,  and  that  the  mobile  part  of  the  molecule  tends  to 
maintain  a  position  of  equilibrium  opposite  to  these  fixed  masses  and 

*  H.  Helmholtz,  "  Zur  Tlieorie  der  auomaleu  Dispersion,"  Ann.  cler  Phys.,  1875, 
154,  582. 
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opposite  to  the  etber.  When  there  is  absorption,  the  kinetic  energy 
of  the  undulatory  movement  is  transformed  into  an  ii'regular  internal 
vibration,  that  is  to  say,  into  heat,  by  a  process  resembling  friction, 
and  there  is  reason  to  admit  on  that  account  a  force  similar  to  friction 
between  the  mobile  part  and  the  fixed  part  of  each  molecule. 
Schmiedlin  remarks  that  these  purely  physical  considerations  require  a 
dualism  of  the  molecule,  and  if,  starting  from  another  quarter,  by 
chemical  and  thermochemical  experiments  it  has  been  thus  established 
that  a  dualism  also  characterises  the  molecule  of  a  colouring  matter,  it 
is  reasonable  to  draw  the  conclusion  that  the  endothermic  and  exo- 
thermic systems  established  experimentally  correspond  to  the  fixed 
part  and  the  mobile  part  in  the  theory  of  Helmholtz. 

This  view  is  certainly  in  agreement  with  the  facts  already  observed, 
and  particularly  with  the  observation  made  by  Hantzsch  that  staljle 
coloured  salts  are  formed  from  pseudo-acids  by  the  action  of  alkalis 
and  hydroxides,  but  not  by  the  heavy  metals.  Now  the  former  are 
strongly  exothermic,  but  the  latter  are  only  feebly  so,  and  it  may  be  that 
herein  lies  the  reason  for  their  inability  to  produce  coloured  salts. 

In  some  of  the  ketonic  substances,  for  example,  the  oxypurins,  there 
are  CO  groups  which  are  exothermic  and  others,  such  as  .'CH  groups 
which  are  endothermic ;  this  also  agrees  with  Schmiedlin's  view,  but 
colour  is  developed  by  the  addition  of  an  exothermic  base.  The  view 
of  dynamic  isomerism  or  change  of  structure  from  one  form  to  another 
should,  if  sound,  be  applicable  with  equal  facility  to  an  explanation  of 
the  occurrence  of  six  bands  in  the  spectrum  of  benzene,  four  in  that  of 
naphthalene,  and  four  in  anthracene.  There  is  little  difiiculty  about 
that  if  we  accept  the  view  of  the  constitution  of  benzene  as  propounded 
by  Kekul6,  with  his  explanation,  not  generally  accepted  by  chemists,  of 
the  reason  why  a  1  :  2-compound  has  the  same  properties,  or  is  identical 
with  a  1  :  6 -derivative.  This  was  explained  by  the  change  from  a 
single  to  a  double  linking  between  the  six  carbon  atoms  in  the  ring, 
which  change  was  supposed  to  be  continually  in  operation.  Let  us 
suppose  that  the  alterations  in  the  double  and  single  linkings  pass  by 
a  vibratory  motion  regularly  from  the  first  to  the  sixth  position  in  the 
direction  of  the  hands  of  a  clock,  then  we  may  imagine  the  following 
successive  phases  in  six  diiferent  periods,  and  the  mean  of  these  is  best 
represented  by  the  centric  formula,  because  the  changes  in  the  linking 
of  the  contiguous  carbon  atoms  gives  six  different  alternate  modes  of 
linking  in  all,  and  these  may  be  likened  to  a  number  of  alternate  com- 
px-essions  and  extensions  round  an  elastic  ring  at  six  different  points, 
symmetrically  arranged,  which  ma,y  be  supposed  to  operate  upon  the 
ether.  The  aggregate  effect  would  be  like  a  resolution  of  these  forces 
into  a  change  of  direction  operating  internally,  as  may  be  understood 
by  the  following  diagrams,  and  there  would  still  be  perfect  symmetry 
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in  the  ring.  In  this  way  the  symbol  of  Kekule  and  that  of  Armstrong 
and  von  Baeyer  are  brought  into  harmony. 

Let  us  see  how  this  stands  in  relation  to  the  quinonoid  constitution. 

If  we  assume  that  in  quinone  the  alternation  in  double  linking  of 
the  carbon  atoms,  similar  to  that  which  is  conceived  to  be  the  cause 
of  the  bands  in  benzene,  is  not  suppressed  but  still' continues,  then 
the  extraordinarily  vigorous  absorption,  which  is  a  highly  character- 
istic feature  of  the  spectrum  of  this  substance,  is  easily  accounted  for, 
and  equally  also  its  energetic  oxidising  properties. 

Thixs,  we  may  have  the  isodynamic  forms  : 
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or  phases  in  successive  periods  of  time,  of  which  I  and  TV,  being  sym- 
metrical, are  identical  in  every  respect,  and  of  which  II  and  III  are 
identical  in  chai-acter  and  in  relation  to  chemical  properties,  but 
specifically  different.  The  phases  II  and  III  will  occur  twice  as  often 
as  phase  I.  But  the  molecule  as  a  whole  is  not  symmetrical,  because 
the  carbons  in  the  ^ar«-position  are  loaded  by  the  oxygen  atoms,  and 
this  will  not  only  affect  their  mode  of  vibration,  but  also  endow  them 
with  the  active  chemical  properties  which  are  characteristic  of  per- 
oxides. This  alteration  in  the  mode  of  vibration  may  be  taken  as 
accounting  for  there  not  being  six  bands  but  only  two  in  the  spectrum 
of  quinone.  It  is  a  feature  of  the  quinone  spectrum  that  one  of  the  bands 
is  much  more  persistent  or  powei'ful  than  the  other*,  and  it  is,  further- 
more, in  the  position  of  rays  of  greater  oscillation-frequency,  and  as 
there  are  two  distinct  phases,  I  and  IV  being  similar  or  identical  and 
II  and  III  being  similar  to  each  other,  but  not  identical,  and  different 
from  I  and  IV,  the  one  band  may  be  considered  to  belong  to  the  one 
phase  and  the  other  band  to  the  other  phase  or  phases.    As  the  phases 
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II  and  III  are  those  which  indicate  the  greatest  chemical  activity  and 
occur  twice  as  often  as  phase  I,  the  effect  is  to  cause  a  preponderance 
in  the  chemical  properties  belonging  to  these  phases. 

Then,  again,  as  it  has  been  pointed  out,  the  absorption  properties  of 
quinone  are  those  associated  with  the  benzene  ring,  and  different  from 
those  of  a  partially  reduced  ring,  and,  as  in  the  phases  II  and  III  the 
linking  of  the  carbon  atoms  is  the  same  as  in  the  benzene  ring,  we  have 
that  which  caa  account  for  the  absorption  spectra  of  quinone  and 
benzene  being  similar.  This  is  particularly  the  case  when  we  consider 
that  the  physical  property  of  absorbing  the  rays  of  the  spectrum  is 
greatly  intensified  in  quinone,  and  that  there  are  only  three  phases  in 
quinone,  and  that  two  of  these  occur  twice  as  often  as  the  first,  whilst 
in  benzene  there  are  six  phases,  each  occurring  regularly  and  sym- 
metrically in  unit  of  time.  That  this  is  so  is  shown  by  the  oscillation- 
frequencies  of  the  absorbed  rays  in  benzene  being  disposed  at  regular 
intervals  throughout  a  definite  region  of  the  spectrum. 

The  majority  of  aromatic  derivatives  in  which  only  one  benzene  ring 
is  involved  show  but  one  absorption  band.  We  have  also  the  instance 
of  triphenylmethane  with  one  broad  band. 

In  such  cases,  the  symmetry  of  the  ring  is  destroyed  and  the  inti-a- 
molecular  vibrations  are  irregular,  and  from  the  irregularity  of  the 
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motion  the  bands  are  fused  into  one,  as  if  the  alternations  in  the  link- 
ings  were  not  successively  six  but  only  two,  as  represented  in  the 
formulae  I  and  II  of  phenol. 

The  molecules  of  naphthalene  and  anthracene  exhibit  absorption 
specti-a,  when  their  solutions  are  examined,  which  have  four  bands  only. 
This  may  be  accounted  for  by  the  carbon  atoms  common  to  the  two 
rings  being  incapable  of  alteration,  because  they  are  in  their  mode  of 
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linking  as  closely  connected  to  each  other  aiid  to  the  adjacent  carbon 
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atoms  as  possible,  or,  in  other  words,  they  have  undergone  the  maximum 
of  condensation.     The  first  phase  would  then  be  as  above,  the  second, 
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and  the  fifth  would  be  the  same  as  the  first ;  or  we  may  suppose  that,  as 
the  changes  can  affect  only  four  carbon  atoms  in  each  of  the  rings  these 
changes  occur  in  the  two  rings  simultaneously.  In  anthracene  also^  these 
carbon  atoms  which  link  the  two  benzene  nuclei  have  no  possibility  of 


H 

C 

HC       C— C- 

H 

C 

/% 
-C       CH 

HC       C— C- 

%/      H 
C 
H 

-C       CH 

\^ 
C 
H 

change,  neither  have  the  carbon  atoms  in  the  benzene  nuclei  to  which 
they  are  united,  hence  there  can  be  only  four  changes  in  each  ring, 
and  as  these  may  act  simultaneously  it  is  possible  that  this  may 
account  for  there  being  only  four  bands. 

If  we  take   into  account  the  relation  of  the  isodynamic   forms  of 
nitrosophenol  to  quinone,  we  have  the  following  : 
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Isodynamic  forms. 

The  change  from  ;8  to  y  would  result  in  conditions  approaching  th( 
constitution  existing  in  a. 
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The  isodynamic  phases  of  benzene  can  be  equally  applied  to  hetero^ 
cyclic  rings  : 
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Lsodynamic  phases  of  benzene.  Isodynamic  phases  of  pyridine. 
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Isodynamic  phases  of  pyrazine. 

Having  shown  how  the  change  in  the  mode  of  linking  of  contiguous 
carbon  atoms  in  a  ring  structure  may  account  for  the  bands  of  absorp- 
tion, it  is  incumbent  on  one  to  show  how  the  hydro-aromatic  derivatives 
cannot  acquire  this  property. 

For  instance,  there  cannot  be  two  such  phases  in  dihydrobenzene, 
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or  in  piperidine, 
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It  is  unnecessary  to  multiply  examples. 

I  think,  however,  I  have  now  shown  that  Kekul6's  view  of  the 
constitution  of  benzene  affords  an  explanation  of  the  absoiy)tion  bands 
in  its  spectrum.  The  condensation  of  the  carbon  atoms  (usually 
designated  double  and  treble  linking)  at  different  points  in  the  mole- 
cule must  give  rise  to  greater  refractive  and  dispersive  powers  at 
those  points,  as  we  know,  from  the  researches  of  Gladstone  and  of 
Briihl,  they  do  in  the  whole  molecule,  and  just  as  they  also  increase 
the  actinic  absorption.  If  these  condensations  and  expansions  (alter- 
nate double  and  single  linkings)  in  the  molecule  of  benzene  are 
continually  in  progress,  it  may  be  possible  to  explain  how  colour  may 
result  therefrom  when  light  agitates  the  molecule. 

Royal  College  of  Science, 
Stephen's  Green, 
Dublin. 


CLXXVL— jy^e  Action  of  Nitrogen  Sulphide  on  Organic 
Substances.     Part  III. 

By  Oliver  Charles  Minty  Davis. 

The  investigation  of  the  action  of  nitrogen  sulphide  on  aldehydes  has 
been  continued,  and  it  has  been  observed  that,  unlike  the  reactive 
benzaldehyde,  tolualdehyde,  and  anisaldehyde  previously  examined 
(Trans.,  1904,  85,  259,  1535),  several  of  the  aldehydes  reacted  so 
slightly  that  it  was  not  found  possible  to  isolate  any  organic  substance 
resulting  from  the  decomposition. 

In  the  case  of  cinnamaldehyde,  salicylaldehyde,  and  cuminaldehyde, 
for  example,  although  small  amounts  of  sulphur  dioxide  were  evolved, 
and  traces  of  ammonium  sulphate  could  be  detected  in  the  reaction 
products,  yet  no  organic  product  could  be  isolated. 

m-  and  j9-Nitrobenzaldehydes  react  in  a  very  similar  manner  to 
benzaldehyde,  yielding  their  corresponding  cyanidine  derivatives ;  in 
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addition,  the  meta- compound  gave  rise  to  a  small  quantity  of  a 
substance  containing  sulphur. 

In  the  case  of  the  chlorobenzaldehydes,  an  intei^esting  case  of  steric 
hindrance  was  noticed ;  whereas  the  para-compound  gives  the  corre- 
sponding cyanidine  derivative,  the  ortho-compound  does  not  react,  and 
although  the  experimental  conditions  were  varied  the  nitrogen  sulphide 
was  recovered  unchanged.  The  influence  of  the  ortho-substituent  was 
so  well  marked  in  this  instance  that  it  was  of  interest  to  see  whether 
it  could  be  noticed  in  other  cases. 

jo-Methosybenzaldehyde,  which  had  been  previously  examined,  gave 
the  corresponding  cyanidine  derivative,  anisamidine  sulphate,  and  a 
sulphur  compound  ;  on  trying  the  same  experiment  with  o-methoxy- 
benzaldehyde,  it  was  found  that  only  a  small  amount  of  decomposition 
took  place,  and  mere  traces  of  a  substance  which  behaved  like  a 
cyanidine  derivative  were  isolated.  On  the  other  hand,  piperonalde- 
hyde,  a  substance  in  which  both  the  ortho-positions  with  respect  to  the 
aldehyde  group  are  unsubstituted,  behaved  exactly  like  anisaldehyde, 
giving  tripiperonylcyauidine,  piperonylamidine  sulphate,  and  a  deriv- 
ative containing  sulphur,  which  appeared  to  be  qviite  analogous  to  that 
obtained  in  the  case  of  anisaldehyde. 

Various  aliphatic  aldehydes  were  also  employed,  but  in  every  case 
negative  results  only  were  obtained. 

It  had  been  noticed  that  in  the  majority  of  the  experiments  carried 
out  with  these  aldehydes  the  nitrogen  present  in  the  reaction  products 
was  much  less  than  that  contained  in  the  nitrogen  sulphide  employed. 

It  accordingly  appeared  more  than  likely  that  this  was  caused  by 
decomposition  of  the  sulphide  into  free  nitrogen  and  sulphur. 

To  test  this  supposition,  an  experiment  was  carried  out  with 
5  grams  of  nitrogen  sulphide  and  excess  of  benzaldehyde.  The  two 
substances  were  heated  together  in  an  apparatus  from  which  the  air 
had  been  expelled  by  means  of  carbon  dioxide,  and  55  c.c.  of  nitrogen 
were  collected.  A  similar  result  was  also  obtained  in  the  case  of 
jo-chlorobenzaldehyde. 

The  further  investigation  of  the  interaction  of  aldehydes  and 
nitrogen  sulphide  has  been  abandoned,  since  the  substances  obtained 
have  given  no  clue  to  the  nature  of  the  nitrogen  sulphide  molecule. 

The  type  of  substances  which  result  in  these  reactions  is  such  that 
it  is  extremely  diflficult  to  form  any  picture  of  the  mechanism  of  the 
decomposition  which  takes  place,  and,  beyond  the  fact  that  nitrogen 
sulphide  appears  to  have  no  aiialogy  at  all  to  any  of  the  known 
sulphides  of  phosphorus,  no  further  statement  as  to  its  constitution 
seems  possible. 
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EXPKR  IMENTAL. 

Interaction  of  Nitrogen    Sulphide  and  Aldehydes. 

(1)  m.-Nitrohenzaldehrjde. — Sixty  grams  of  the  aldehyde  and  17  grams 
of  nitrogen  sulphide  were  heated  together  at  110 — 115°  for  thirty- 
eight  hours  ;  at  the  end  of  this  period,  some  toluene  was  added,  and 
the  reaction  continued  for  a  further  forty-eight  hours.  Sulphur  dioxide 
was  continuously  evolved  during  this  period.  The  solid  product  which 
had  separated  was  iiltered  off  from  the  hot  toluene,  and  when  dried 
weighed  22  grams. 

The  filtrate  on  cooling  deposited  an  oily  substance,  which,  after 
treatment  with  ether  and  boiling  alcohol,  gave  small  amounts  of  a 
crystalline  substance  melting  at  180°.  This  was  purified  by  recrystal- 
lising  from  benzene,  but  the  'amount  obtained  was  insufficient  for  a 
complete  investigation.  It  gave  the  following  data  on  analysis,  which 
agree  fairly  well  with  the  empirical  formula  C^^H^qO^N^S. 

Found,  C  =  5M  ;  H  =  3-5;  N  =  17'7;  S  =  9-2. 
Calculated,  C  =  50-9;  H  =  3-3  3  N  =  16-9;  S  =  9-7  per  cent. 

The  main  product  of  the  reaction  was  treated  with  boiling  benzene, 
which  dissolved  about  4  grams  of  sulphur. 

The  residue  was  then  dried,  and  on  treatment  with  hot  water  a 
small  amount  of  ammonium  sulphate  was  dissolved  out,  leaving  a  sub- 
stance which  was  found  to  be  insoluble  in  the  usual  solvents,  but 
which  could  be  crystallised  with  difficulty  from  boiling  nitrobenzene, 
giving  crystals  which  melted  sharply  at  342°. 

The  compound  possesses  the  characteristic  properties  of  the  cyanidine 
derivatives  :  it  melts  at  a  high  temperature  without  decomposition, 
and  dissolves  in  strong  sulphuric  acid,  giving  a  brown  solution  from 
which  water  precipitates  the  unchanged  cyanidine.  On  analysis,  the 
following  results  were  obtained:  C  =  57'10,  57"19  ;  H  =  3'51,  3'13  ; 
N  =  19'23,  the  calculated  values  for  »i-trinitrotriphenylcyanidine, 
(CeH4-N02)3C3N3  being  0  =  56-75;  H  =  2-7;  N=  18-91  percent. 

(2)  T^-Niirohenzaldehyde. — The  reaction  between  nitrogen  sulphide 
and  /)-nitrobenzaldehyde  is  very  violent  ;  it  commences  a  little  above 
the  melting  point  of  the  aldehyde,  and  proceeds  with  great  velocity  at 
about  120°.  If  large  quantities  of  the  reagents  are  used,  so  much 
heat  is  evolved  that  an  almost  explosive  decomposition  occurs.  Sulphur 
dioxide  and  ammonium  sulphate  are  formed,  and  a  small  amount  of  a 
crystalline  product  melting  above  360°  was  isolated.  This  substance 
possesses  the  characteristic  stability  of  the  cyanidine  derivatives,  and 
maybe  recrystallised   from  boiling  nitrobenzene.     A  nitrogen  deter- 
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mination  gave  N  =  18-63,  the   calculated  value  for  ^;-trinitrotriphenylr 
cyanidine  being  18 '91  per  cent. 

(3)  ^-Chlorohenzaldehyde. — Five  grams  of  nitrogen  sulphide  and  10 
grains  of  jo-chlorobenzaldehyde,  when  heated  together  in  an  inert 
atmosphere  for  forty-four  hours  at  100°,  continuously  evolved  sulphur 
dioxide,  and  towards  the  end  of  the  reaction  a  little  toluene  was 
added.  Whilst  still  hot,  the  solid  which  separated  was  filtered  off, 
and  after  washing  with  ether  and  drying  weighed  5  grams. 

The  filtrate,  which  was  heated  for  a  further  twenty-four  hours, 
when  cooled  and  ti'eated  with  light  petroleum  yielded  a  very  small 
amount  of  a  crystalline  product,  which,  when  recrystallised  from 
alcohol,  melts  sharply  at  145°. 

A  further  quantity  of  this  was  obtained  by  treating  the  insoluble 
product  of  reaction  with  boiling  alcohol,  but  the  total  anjount  was  in- 
sufficient for  complete  analysis. 

A  qualitative  examination  showed  that  it  contains  nitrogen  and 
sulphur. 

The  insoluble  residue,  after  treatment  with  boiling  alcohol,  was  freed 
from  ammonium  sulphate  by  water.  When  dry  it  was  slightly 
soluble  in  boiling  benzene,  but  much  more  so  in  boiling  nitrobenzene. 
From  either  solvent,  pale  yellow  silky  needles  .separate  on  cooling, 
melting  without  decomposition  at  334°.  The  substance  has  the 
characteristic  properties  of  the  cyanidine  derivatives,  and  is  soluble  in 
concentrated  sulphuric  acid,  giving  a  deep  yellow  solution,  which 
deposits  the  unchanged  compound  on  dilution  with  water. 

The  following  analytical  data  showed  that  the  substance  was 
j9-trichlorotriphenylcyanidine. 

Found  01  =  25-67;  N=  10-36. 

(C6H^C1)303N3  requires  CI  =  25-78  ;  N=  1021  per  cent. 

(4)  o-Methoxyhenzaldehyde. — From  8  grams  of  nitrogen  sulphide 
and  22  grams  of  the  aldehyde,  less  than  0'5  gram  of  a  crystalline 
substance  was  obtained,  which,  when  recrystallised  from  boiling 
alcohol,  melted  sharply  at  158°  and  dissolved  in  concentrated  sulphuric 
acid  to  form  a  yellow  solution,  which  deposits  colourless  crystals  on 
treatment  with  water.  When  fused  with  caustic  potash,  the  compound 
evolved  ammonia. 

A  nitrogen  estimation  indicated  that  the  substance  was  o-trimethoxy- 
triphenylcyanidine,  but  the  amount  obtained  was  insufiicient  for 
further  analysis. 

Found  N  =  10-39.     (C^H40CH3)3C3N'3  requires  N  =  10-5  per  cent. 

(5)  Fiperonaldehyde. — Twenty  grams  of  piperonaldehyde  and  5  grams 
pf  nitrogen  sulphide  were  heated  together  at  100°,  as  in  previous  cases, 
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the  reaction  being  complete  in  forty-six  hours.  Sulphur  dioxide  was 
evolved  during  the  whole  of  that  period. 

The  excess  of  aldehyde  was  removed  by  boiling  alcohol  and  the  dried 
product,  which  weighed  9 "5  grams,  was  treated  with  benzene  to  remove 
the  sulphur  formed  during  the  i-eaction,  and  after  drying  was  warmed 
with  water,  which  dissolved  out  about  one  gram  of  piperonylamidine 
sulphate.  The  residue  was  partially  soluble  in  dilute  aqueous  caustic 
potash,  leaving  undissolved  a  brown  powder,  which,  after  crystallisation 
from  boiling  nitrobenzene,  melted  at  266°. 

(i)  The  aqueous  solution  deposited  crystals  of  piperonylamidine  sul- 
phate on  cooling,  and  after  several  crystallisations  from  hot  water  these 
were  obtained  pure  andfiee  from  ammonium  sulphate.  The  substance 
melts  with  decomposition  at  253°,  when  boiled  with  alkaline  solutions 
ammonia  is  evolved,  and  on  acidifying  a  crystalline  substance  separates, 
melting  at  222°;  this,  in  all  probability,  is  piperonylic  acid,  which  is 
stated  to  fuse  at  228°.  The  piperonylamidine  sulphate  gave  the  follow- 
ing analytical  results  : 

N=  12-57. 

50^  requires  H,SO^  =  23-0;    N=  13-15 
per  cent. 

On  recrystallising  a  specimen  from  glacial  acetic  acid,  the  melting 
point  was  raised  to  268°,  an  acetyl  derivative  being  presumably  formed. 
On  analysis,  this 'gave  N  =  11-3,  the  calculated  value  for  the  acetyl 
derivative  being  N  =  10'98  per  cent. 

(ii)  That  part  removed  by  warming  the  product  of  reaction  with 
dilute  aqueous  caustic  potash  is  reprecipitated  on  the  addition  of  dilute 
acids  ;  it  contains  sulphur,  and  behaves  in  a  somewhat  similar  way  to 
the  sulphur  derivative  obtained  from  anisaldehyde.  It  maybe  recrys- 
tallised  from  nitrobenzene,  and  the  melting  point  of  the  ciystallised 
product  is  207°.  Treated  with  warm  sulphuric  or  hydrochloric  acid, 
the  compound  evolves  sulphur  dioxide.  The  amounts  obtained  were 
insufficient  for  any  detailed  examination,  but  a  nitrogen  determination, 
combined  with  the  foregoing  properties,  makes  it  appear  quite  probable 
that  the  product  is  the  piperonyl  analogue  of  the  substance  obtained  by 
the  interaction  of  nitrogen  sulphide  and  anisaldehyde. 

Found  N=  11-8.     CigHi^O^NgS  requires  N=  11-76  per  cent. 

(iii)  The  brown  powder  left  after  the  removal  of  the  sulphur  com- 
pound is  insoluble  in  most  solvents,  but  may  be  crystallised  from  boil- 
ing nitrobenzene,  when  it  melts  without  decomposition  at  266° ;  it 
dissolves  in  concentrated  sulphuric  acid  to  a  deep  red  solution,  and  is 
reprecipitated  unchanged  by  water  in  the  form  of  yellow  crystals. 
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On  analysis,  the  following  results  were  obtained,  showing  that  the 
substaoce  was  tripiperonylcyanidine. 

Found  0  =  65-8  ;   H  =  3-6;   N  =  9-2. 

C,H3<Q>CH2\C3N'3  requires  0  =  65-3;  H  =  3-4;  ^"  =  9-5  per  cent. 

The  substances  used  in  the  course  of  this  investigation,  which  were 
placed  at  my  disposal  by  Dr.  Francis,  were  purchased  with  a  grant 
from  the  Ohemical  Society. 

University  College, 
Bristol. 


CLXXVII. — The  Action  of  Nitrogen  Sulpldde  on  Organic 
Substances.     Part  IV. 

By  Feancis  Ernest  Francis. 

Nitrogen  sulphide  acts  slowly  on  the  acids  of  the  paraffin  series,  and 
RufE  and  Giesel  (Ber.,  1904,  37,  1573),  noticed  that  in  the  case  of 
boiling  acetic  acid,  sulphur  dioxide  was  evolved  and  svilphur  and  some 
sulphuric  acid  formed  ;  but  small  quantities  of  free  nitrogen  are  also 
liberated  and  considerable  amounts  of  acetamide  and  diacetamide  are 
formed.  Moreover,  the  sulphuric  acid  is  present  in  the  form  of 
ammonium  sulphate.  The  amount  of  the  two  amides  obtained  from 
3  grams  of  nitrogen  sulphide,  namely,  2-5  grams  of  acetamide  and 
about  0*6  gram  of  diacetamide,  corresponds  to  about  22  per  cent,  of 
nitrogen,  the  theoretical  amount  present  in  the  sulphide  being  30-4 
per  cent.  ;  with  propionic  acid,  an  exactly  similar  reaction  takes  place, 
but  with  greater  velocity.  Sulphur  dioxide,  nitrogen,  and  a  small 
quantity  of  carbon  monoxide  are  evolved,  and  the  amounts  of  pro- 
pionamide  and  dipropionamide  formed  only  correspond  to  between 
12  and  13  per  cent,  of  nitrogen,  showing  that  at  the  temperature  of 
boiling  propionic  acid  the  direct  decomposition  of  nitrogen  sulphide 
into  its  constituents  is  greater  than  in  the  case  of  acetic  acid.  In  one 
determination,  an  amount  of  free  nitrogen  was  obtained  corresponding 
to  between  6  and  7  per  cent.,  and  the  ammonium  sulphate  represented 
7  per  cent,  of  nitrogen,  so  that  with  13  per  cent,  as  the  mixed  amides, 
a  total  of  about  26  —  27  per  cent,  of  nitrogen  is  accounted  for  out  of 
the  theoretical  amount,  namely,  30-4  per  cent. 

Even  with  acetic  anhydride,  a  similar  decomposition  took  place  with 
considerable  charring,  but  the  amount  of  amides   obtained   was  much 
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smaller,  and  that  of  ammonium  sulphate  larger  than  in  either  of  the 
above  cases  ;  it  is  quite  clear  that  a  deep-seated  decomposition  of  the 
molecule  must  have  taken  place.  Although  the  formation  of  am- 
monium sulphate  in  these  reactions  indicates  a  process  of  oxidation, 
similar,  in  all  probability,  to  that  previously  noticed  with  the  alde- 
hydes, no  satisfactory  explanation  for  this  has  yet  been  found. 

As  the  formation  of  the  amides  is  but  of  little  value  in  elucidating 
the  constitution  of  nitrogen  sulphide,  further  work  on  the  interaction 
of  this  substance  and  the  paraffin  acids  was  abandoned. 

With  the  halogen-substitution  products  of  acetic  acid,  the  reaction 
was  again  very  similar  to  that  already  described,  but  the  formation  of 
carbon  monoxide  in  addition  to  sulphur  dioxide  and  free  nitrogen,  and, 
further,  of  the  corresponding  ammonium  haloid  salt  as  well  as  ammo- 
nium sulphate,  shows  still  more  clearly  that  in  these  reactions  a  com- 
plete disruption  of  the  molecule  of  the  acid  takes  place. 

Chloroacetic  acid  gave  a  mixture  of  chloroacetamide  and  chloro- 
diacetamide,  the  yield  of  the  second  substance  predominating.  With 
bromoacetic  acid,  the  reaction  is  much  more  violent,  as  evidenced  in 
the  formation  of  a  considerable  quantity  of  ammonium  bromide,  a  very 
much  smaller  amount  of  bromodiacetamide,  and  mere  traces  of  bromo- 
acetamide.  With  di-  and  tri-chloroacetic  acids,  only  the  corresponding 
amides  were  obtained,  and  in  neither  case  was  the  formation  of  di- 
amides  observed. 

An  interesting  feature  in  these  reactions  with  the  chlorine-substitu- 
tion derivatives  of  acetic  acid  is  that  in  each  case  approximately  the 
same  percentage  of  nitrogen  present  in  the  sulphide  is  converted  into 
the  mixed  or  simple  amides,  thus  chloroacetic  acid  gives  6  per  cent, 
of  nitrogen  as  chloroacetamide  and  6  per  cent,  as  chlorodiacetamide. 
With  dichloroacetic  acid,  13 '5  per  cent,  of  nitrogen  appeai-s  as  di- 
chloroacetamide,  and  with  trichloroacetic  acid  12  per  cent,  is  found 
to  be  present  as  trichloroacetamide. 

For  reasons  similar  to  those  previously  mentioned,  no  further  in- 
vestigations were  carried  out  with  the  halogen-substituted  acids. 


Experimental. 

1.   The  Action  of  Nitrogen  Sulphide  on  Acetic  Acid,  Acetic  Anhydride, 
and  Frojnonic  Acid. 

When  excess  of  acetic  acid  is  heated  for  about  ten  hours  with 
3  grams  of  nitrogen  sulphide,  complete  decomposition  of  the  latter 
substance  was  effected,  and  on  distilling  off  the  excess  of  acid  the 
temperature  rose  and  a  mixture  of  acetamide  and  diacetamide  passed 
over.     The  substance  had  all  the  characteristic  properties  of  acetamide 
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and  amovinted  to  about  3'1  grams.  The  separation  of  the  diamide 
was  carried  out  by  dissolving  the  mixed  amides  in  ether  and  passing 
in  hydrogen  chloride,  when  acetamide  hydrochloride  crystallised  out 
and  was  filtered  off ;  this  operation  was  repeated  and  finally  about 
0'6  gram  of  diacetamide  was  obtained  fi^om  the  filtrate. 

The  reaction  with  acetic  anhydride  was  carried  out  in  a  similar 
manner  and  the  separation  of  the  amides  effected  as  previously 
mentioned,  but  the  amounts  of  these  two  substances  obtained  from 
3  grams  of  nitrogen  sulphide  did  not  amount  to  more  than  1  gram, 
and  much  larger  quantities  of  ammonium  sulphate  were  formed  than 
in  the  case  of  acetic  acid. 

With  propionic  acid,  the  reaction  was  allowed  to  take  place  at  the 
boiling  point  and  the  gases  evolved  were  investigated  ;  they  were  found 
to  consist  chiefly  of  sulphur  dioxide  and  smaller  quantities  of  free 
nitrogen  and  traces  of  carbon  monoxide  ;  in  one  experiment,  3  grams 
of  the  sulphide  gave  0*2  gram  of  nitrogen,  or  66  per  cent.  The  reaction 
with  this  quantity  of  nitrogen  sulphide  is  complete  in  about  three 
hours,  and  on  distilling  off  the  excess  of  acid,  the  mixed  amides  pass 
over  between  200°  and  220°.  The  impure  substance  was  dissolved  in 
a  small  quantity  of  boiling  alcohol,  and,  on  cooling,  1"5  grams  of  di- 
propionamide  melting  at  154 — -155°  crystallised  out,  the  filtrate  was 
evaporated  to  dryness,  and  the  impure  residue,  after  draining  on  a 
porous  tile  and  recrystallisation  from  chloroform  and  light  petroleum, 
gave  about  1  gram  of  propionamide  melting  at  79°. 

The  dipropionamide  gave  the  following  data  on  analysis  ;  found 
N  -  10-76  ;  C^HjiOgN  requires  N  =  10-85  per  cent. 


2.   The  Action  of  Nitrogen  SuljAide  on  the  Ilalogen-suhstituted  Acetic 
Acids. 

A.  Chloroacetic  acid.  Fifty  grams  of  this  acid  were  heated  for 
thirty-six  hours  on  a  water-bath  with  15  grams  of  nitrogen  sulphide, 
and  at  the  end  of  that  time  the  contents  of  the  flask  had  solidified. 
The  gases  evolved  consisted  chiefly  of  sulphur  dioxide  with  smaller 
quantities  of  nitrogen  and  carbon  monoxide.  The  semi-solid  mass  was 
drained  at  the  pump  and  afterwards  on  a  porous  tile,  when  21  grams 
of  solid  were  obtained.  This  product  was  freed  from  small  amounts  of 
ammonium  sulphate  and  chloride  by  washing  with  cold  water,  and  the 
residual  mixture  of  chloroacetamide  and  chlorodiacetamide  partially 
separated  by  warm  water,  in  which  the  former  is  much  more  soluble 
than  the  latter,  further  purification  being  effected  by  recrystallisation 
from  alcohol.  In  this  way,  6  grams  of  pure  chloroacetamide  melting 
at  125°  were  obtained,  the  melting  point  usually  given  being  between 
119°  and  120°.     The  following  data  were  obtained  on  analysis  :  found 
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N  =  14-95;  01=^37-42;  CgH^ONCl  requires  N  =  14-98;  Cl  =  37-90 
per  cent. 

The  substance  of  lesser  solubility  and  higher  melting  point  was 
contaminated  with  small  quantities  of  free  sulphur  ;  it  was  purified  by 
recrystallisation  from  either  boiling  water  or  alcohol,  in  which  it  is 
less  soluble  than  the  chloi'O-acetamide.  After  several  crystallisations, 
12  grams  of  pure  chlorodiacetamide  were  obtained.  This  substance 
gave  the  following  results  on  analysis:  found  C  =  28*64;  H  =  3"3G  ; 
N  =  8-12;  01  =  41-52;  G^HgO^NOl  requires  C  =  28-26  ;  H  =  2-94;N'=. 
8-24;  01  =  41-69  percent. 

Chlorodiacetamide,  which  does  not  appear  to  have  been  previously 
described,  shows  an  intensely  acid  reaction  in  aqueous  solution,  is 
easily  decomposed  by  alkalis  with  evolution  of  ammonia,  ciystallises  in 
well-formed  needles  from  either  benzene  or  toluene,  and  melts  at 
195 — 196°,  subliming  in  snow-white  needles  at  a  temperature  below, 
but  not  far  removed  from,  its  melting  point. 

B.  Bromoacetic  acid.  Twelve  grams  of  the  acid  were  heated  on 
the  water-bath  with  5  grams  of  nitrogen  sulphide,  an  energetic  reaction 
took  place,  and  sulphur  dioxide,  nitrogen,  and  carbon  monoxide  were 
liberated.  The  solid,  which  slowly  separated,  was  washed  with  a  small 
quantity  of  ether  ;  the  filtrate  on  evaporation  left  an  oil  which  after- 
wards partially  solidified ;  the  semi-solid  mass  was  then  drained  on  a 
porous  tile,  and  after  recrystallisation  from  benzene  gave  a  small 
quantity  of  the  well-crystalline  bromoacetamide  melting  at  92 — ^93°. 
The  substance  insoluble  in  ether  consisted  chiefly  of  ammonium 
bromide,  with  smaller  quantities  of  ammonium  sulphate  ;  these  were 
washed  cut  with  cold  w^ater,  and  the  residue  on  recrystallisation  from 
alcohol  gave  about  1  gram  of  bromodiacetamide  melting  at  192°;  like 
the  corresponding  chloro-derivative,  this  compound  show.s  acid  pro- 
perties in  aqueous  solution.  The  following  data  were  obtained  on 
analysis:  found  Br  =  62-15;  O^HgOoNBr  requires  Br  =  61-7  per 
cent. 

G.  Dichloroacetic  acid.  Twenty-three  grams  of  the  acid  were 
heated  for  forty-eight  hours  at  100°,  with  13  grams  of  nitrogen 
sulphide.  The  gases  evolved  consisted  of  sulphur  dioxide,  carbon 
monoxide,  and  smaller  quantities  of  free  nitrogen.  The  solid  which 
separated  was  washed  with  cold  water,  dried,  and  recrystallised  from 
benzene,  when  16  grams  of  dichloroacetamide  melting  at  98°  were 
obtained,  and  no  substance  of  higher  melting  point  was  formed  in 
the  reaction.  The  aqueous  solution  contained  ammonium  sulphate 
and  chloride. 

D.  Trichloroacetic  acid.  The  reaction  between  excess  of  this  acid  and 
5  grams  of  nitrogen  sulphide  was  carried  out  as  in  previous  cases  and  the 
same  gases  wei-e  evolved,  but  the  amount  of  carbon  monoxide  was  very 
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much  less  than  in  the  case  of  dichloroacetic  acid.  The  separation  of 
ammonium  sulphate  and  smaller  quantities  of  the  chloride  was  carried 
out  by  means  of  cold  water,  and  the  trichloroacetamide  present  was 
purified  by  recrystallisation  from  benzene ;  7  grams  melting  at  144° 
were  obtained  (Zincke  gives  the  melting  point  of  this  substance  as 
141°). 

With  the  last  two  acids,  experiments  were  carried  out  in  a  current 
of  carbon  dioxide,  and  the  gases  evolved  passed  through  a  tube  sux'- 
rounded  by  a  freezing  mixture  and  then  into  a  large  eudiometer  filled 
with  concentrated  aqueous  caustic  potash.  In  each  instance,  the  gases 
insoluble  in  this  solution  were  found  to  consist  of  niti'ogen  and  carbon 
monoxide,  the  former  largely  predominating  in  the  case  of  the  tri- 
chloro-acid,  the  latter  in  that  of  the  dichloro-acid.  In  both  cases,  a 
very  small  amount  of  a  fuming  liquid  collected  in  the  cooled  tube ;  its 
odour  resembled  that  of  sulphur  chloride,  mixed  perhaps  with  acetyl 
chloride.  The  liquid  generated  heat  on  treatment  with  water  and 
gave  the  chlorine  reaction  with  silver  nitrate,  but  the  amount  of 
liquid  was  quite  insufiicient  for  further  examination. 

When  ethyl  chloroacetate  is  used  instead  of  the  free  acid,  long-con- 
tinued heating  with  nitrogen  sulphide  appears  to  result  only  in  the 
slow  decomposition  of  that  substance  into  its  constituents.  Sulphur 
dioxide  is  not  evolved,  and  by  distillation  the  ester  can  be  recovered 
unchanged. 

The  author's  thanks  are  due  to  the  Research  Fund  Committee  of 
the  Chemical  Society  for  a  grant  which  has  defrayed  the  expenses  of 
this  work. 

University  College, 
Bristol. 


CLXXVIIL — Ester  ijication     Constants     of    Suhstituted 
Acrylic  Acids.     Part  I. 

By  John  Joseph  Sudborough  and  David  Jajies  Robekts. 

Some  few  years  ago  attention  was  drawn  to  the  rates  at  which  various 
substituted  cinnamic  acids  are  esterified  by  means  of  methyl  alcohol, 
using  the  hydrogen  chloride  catalytic  method  (Sudborough  and  Lloyd, 
Trans.,  1898,  73,  81).  The  amount  of  acid  esterified  after  a  given 
time  was  determined   by  actually   isolating  and  weighing   the   ester. 
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As  we  were  desirous  of  extending  the  investigation  to  substituted 
acrylic  acids,  the  esters  of  which  are  relatively  volatile,  we  decided  to 
determine  the  actual  rate  of  esterification  by  using  the  equation  for  a 
unimolecular  reaction.  In  the  meanwhile,  this  method  has  been  used 
for  determining  the  esterification  constants  of  substituted  acetic  acids 
(Trans.,  1899,  75,  467)  and  of  the  acid  esters  of  methyl-substituted 
succinic) acids  (Trans.,  1904,  85,  534),  and  in  both  series  interesting 
examples  of  the  inhibiting  influence  of  various  substituents  have  been 
noted.  The  general  method  adopted  has  been  to  prepare  100  c.c.  of  iV/lO 
solution  of  the  acid  in  methyl  alcohol  and  to  titrate  carefully  two  lots 
of  10  c.c.  each  with  standard  barium  hydroxide,  using  phenolphthalein 
as  indicator  :  70  c.c.  of  the  acid  solution  were  then  mixed,  at  the 
given  temperature  (15°),  with  an  equal  volume  of  standard  hydrogen 
chloride  in  methyl  alcohol.  Quantities  of  30  c.c.  of  the  mixture  were 
introduced  into  separate  small  bottles,  which  were  then  placed  in  a 
thermostat  at  15°  and  the  contents  titrated,  after  given  intervals  of 
time,  with  the  standard  barium  hydroxide. 

In  this  paper,  the  constants  for  the  following  acids  are  given. 

Saturated. — Butyric  and  dihydrocinnamic. 

Ethylenic. — Crotonic,  cinnamic,  methyl  hydrogen  fumarate  and 
maleate,  furfurylacrylic  and  furfuryla^^oacrylic,  a-chlorocrotonic, 
/3-chlorocrotonic,  ^-chloroisocrotonic,  a-chlorocinnamic,  a-chloroa^^ocin- 
namic,  /?-chlorocinnamic,  /?-chloroaZZocinnamic,  a-bromocinnamic,  a-bro- 
moa^^ocinnamic,  /3-bromocinnamic,  /3-bromoa^Zocinnamic,  atropic  (a- 
phenylacrylic),  a-phenylcinnamic,  and  a-phenyla/^ocinnamic. 

Acetylenic. — Phenylpropiolic. 

The  results  are  tabulated  on  p.  1843,  the  acids  being  arranged  in 
descending  order  according  to  the  magnitude  of  their  esterification 
constants  at  15°.  The  third  column  contains  the  values  of  the  dis- 
sociation constants  of  the  various  acids,  and  it  is  obvious  that  in  this 
series,  as  in  others,  there  is  no  simple  relationship  between  the 
strength  of  an  acid  and  its  esterification  constant  as  determined 
by  the  catalytic  method. 

As  we  are  at  present  engaged  in  the  preparation  of  other  substi- 
tuted acrylic  acids  and  the  determination  of  their  esterification 
constants,  we  think  that  it  is  not  advisable  to  discuss  the  present 
results  in  detail,  but  will  merely  indicate  several  points  which  deserve 
further  investigation. 
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L  Helationship  hetween  the  Ester ification  Constant  of  an  Acrylic  Acid 
and  its  Saturated  Analogize. 

tJnsatui-ated.  E.  Saturated.                       E. 

Orotonic  1*28  Butyric  41'63 

Cinnamic 0-937  Dihydrocinnamic  43'20 

Methyl  hydrogen    fum-  -\ 

arate     179      I  Methyl    hydrogen   suc- 

Methyl  hydrogen  male-  J  cinate   17"25 

ate O-850J 

The  foregoing  numbers  indicate  that  an  acrylic  acid  is  esterified 
much  less  readily  than  its  saturated  analogue.  Further  experiments 
will  show  whether  this  generalisation  holds  in  all  cases  and  will  also 
show  in  what  manner  the  position  of  the  double  bond  (for  example, 
ajS,  /3y,  yS)  affects  the  rate  of  esterification. 


2.   lielationshi]}  betioeen  the  Esterification  Constant  of  an  Acrylic  Acid 
and  that  of  the  C orresjwnding  Acetylenic  Acid. 

The  only  comparison  we  can  make  at  present  is  between  cinnamic 
and  phenylpropiolic  acids.  The  numbers  0*937  and  0-640  for  the 
ethylenic  and  acetylenic  acids  respectively  show  that  there  is  not  the 
same  difference  here  as  between  the  numbers  for  an  ethylenic  and 
a  saturated  acid. 


3.  Comparison  of  the  Esterification  Constants  of  Isomeric 
a-  and  ^-Substituted  Acrylic  Acids. 

A  glance  at  the  table  shows  that  the  ^-compounds  are,  as  a  rule, 
esterified  more  readily  than  the  a-isomerides.  The  position  of  /8-chloro- 
isocrotonic  acid  appears  somewhat  remarkable,  as  there  is  very  little 
difference  between  its  constant  and  that  for  a-chlorocrotonic  acid. 


4.   Comparison  of  Stereoisomerides  of  the  Types 
X-C-H  '        H-C-X 

Y-C-CO^H  """'  y-c-co,H 

(see  Trans.,  1898,  73,  93). 

A  comparison  of  the  values  for  a-chloro-,  a-bromo-,  and  a-phenyl- 
cinnamic  acids  and  for  their  a^^o-isomerides  confirms  the  conclusion  pre- 
viously drawn,  namely,  that  when  the  substituent  X  (phenyl  in  all 
these  cases)  is  in  the  cis-position  with  respect  to  the  carboxylic  group 
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the  rate  of  esterification  is  slower  than  when  the  substituent  is  in  thf 
^rans-position. 


Acid. 


0-00227  Ostwald. 
0-00154  Billitzer. 


0-00204  Ostwald. 
0-00355 


0-59 
0-0144 


0'0272 
0-028 
0-0143 
0-0095 
0  072 

0-097 
1-44? 
1-07 
0-093? 


Ostwald. 


MuUikeii. 
Ostwald. 


Mnlliken. 
Ostwald. 
Mnlliken. 
Ostwald. 


Dihydrocinnamic  43-20 

Bntyric    41-63 

Methyl  hydrogen  famarate 1-79 

Crotonic  1-28 

Cinnamic    0-937 

Methyl  hydrogen  maleate    0-859 

)3-Furfnrylaci-ylic   0-718 

Phenylpropiolic 0*640 

3-Chlorocrotonic    0-438 

;8-BromoaZ^cinnamie    0-419 

^-Bromociunamic  0-385 

/3-FurfurylaZtoacrylic     0-379 

/8-ChloroaZtocinnamic    0-371 

)3-Chlorocinnamic  0-355 

a-Phenylacrylic  (atropic) 0-187 

8-Chloroisocrotonic    0-172 

o-Chlorocrotonic    0-163 

a-Pheuylcinnaraic 0-126 

o-Chlorocinnamic  0-101 

a-Bromocinnamic  0-075 

o-ChloroaZ?ocinnamic    0"028 

a-BromoaZZocinuamic    0-00962 

a-PhenylaZZocinnamic   0-00288 

Ostwald,  Zcit.  physikal.  Chcra.,  1889,  3,  418  ;  Mulliken,  Dissertation,  Leipzig, 
1890  ;  Billitzer,  Monatsh.,  1899,  20,  666. 

The  methyl  alcohol  used  in  all  these  experiments  was  Kahlbaum's 
No.  1  ("aceton  frei"),  which  had  been  distilled  twice  over  small 
amounts  of  sodium,  and,  although  not  pure,  'it  is  the  same  as  was 
employed  for  the  acid  methyl  esters  of  substituted  succinic  acids,  and 
the  constants  are  thus  comparable.  Each  lot  of  alcohol  was  treated 
in  the  same  manner  and  a  determination  made  with  crotonic  or* 
cinnamic  acid  in  order  to  be  quite  sure  that  the  differences  in 
esterification  constant  were  not  due  to  differences  in  the  methyl 
alcohol  used. 

EXPEETMENTAL. 

Methyl  hydrogen  fiimarate  was  prepared  from  the  methyl  ester  by 
treatment  with  the  requisite  quantity  of  methyl-alcoholic  potash,  and 
was  pui'ified  by  crystallisation  from  benzene  (m.  p.  143°). 


B. — Strength  of  the  hydroohloric  acid 
before  mixing  =  0-197i\'. 

15  c.c.  of  the  alcoholic  sollition  required 
30-60  c.c.  .of  iV7-20  alkali. 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0'2001iV^. 

15  c.c.  of  the  alcoholic  solution  required 
30-37  c.c.  of  i\^/20  alkali. 

t  in  hours.  a  -  x.  l/tlog.rtfa  -  x. 

1  25-34  0-0786 

2  21-11  0-0790 

3  17-67  0-0784 
5-517  10-92  0-0805 

Mean  corrected  for  0-liV  hydrochloric  acid  =  A,  0-0791  ;  B,  0-0761  (mean  =  0-0776). 


i  in  hours. 

a-x. 

l/t]og.a/a  - 

1-5 

•23-74 

0-0735 

2 

21-68 

0-0748 

316 

17-66 

0-0754 

4-16 

14-79 

0-0758 

=  0-0776x10x2- 


1  =  1-79. 
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Methyl  hydrogen  inaleate  was  obtained  by  adding  a  slight  excess  of 
methyl  alcohol  to  maleic  anhydride  and  warming  for  an  hour  on  the 
water-bath.  The  liquid  obtained  was  placed  in  an  exhausted  desiccator 
and  analysed  at  intervals  (by  titration  against  standard  alkali)  until 
the  result  was  constant.  Even  then  the  acid  ester  was  not  quite  pure 
and  apparently  contained  a  small  amount  of  normal  ester. 


Results    of  tests    of   purity    of   acid   by    titration    against    standard 
baryta. 


(i) 
(ii) 


Vol.  of  iV/20  Vol.  of  iV/20  baryta  that 

AVeight  of                     baryta  necessary  would  have  been  necessary 

acid  ester  taken.                   to  neutralise.  if  ester  were  pure. 

0-1965  grams                         28-53  c.c.  30-23  c.c. 

0-2176      ,,                             31-58    ,,  33-5      ,, 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-197iV. 

15  c.c.  of  the  alcoholic  solution  required 
28-58  c.c.  of  A720  alkali. 

<  iu  hours.  a-x.  l/tlog.a/a-x. 

1  26-15      0-0386 

2  24-15      0-0366 

3  22-44      0-03.50 
4-5  19-85      0-0352 

Mean  corrected  for  0-liV hydrochloric  acid  =  A,  0-0368 
Ei?ln«  =0-0373  X  10  X  2-3026:^ 


B. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-202i\^. 

15  c.c.  of  the  alcoholic  solution  required 
28-0  c.c.  of  AV20  alkali. 

i!  in  hours.  a-x.  l/dog.a/a-a*. 

1  25-51  0-0405 

2  23-50  0-0380 
3-5  21-08  0-0350 


B,  0-0 
0-859. 


179  (mean  =  0-0373). 


Crotonic  acid   {m,   p.    72°)  was  purified    by    recrystallisation   from 
ligroin  (b.  p.  50—70°), 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0'1002A'^. 

15  c.c.  of  the  alcoholic  solution  required 
30-00  c.c.  of  iV720  alkali. 


t  in  hours. 

a-x. 

l/t\og.a/a-x. 

t  in  hours. 

a-z. 

l/tiog.a/a- 

2 

26-26 

0-0289 

2 

26-47 

0-0286 

4 

23-17 

0-0280 

4 

23-38 

0-0277 

6 

20-58 

0-0273 

7 

19-36 

0-0276 

8 

18-16 

0-0273 

8 

18-22 

0-0274 

B. — Strength  of  the  hydrochloric  acid 
before  mixing  —  0-0996A^. 

15  c.c.  of  the  alcoholic  solution  required 
30-19  c.c.  of  a\V20  alkali. 


C— Strength  of  the  hydrochloric  acid  before  mixing  =  0-1992A" 

15  c.c.  of  the  alcoholic  solution  required  30*19  c.c.  of  A720  alkali. 

Mn  hours.  a-x.  Ijtlog.aja-x. 


1 
2 

3-5 

4 


26-34 
23-43 
19-45 

18-07 


0-0592 
0-0550 
0-0546 
0-0557 


Mean  for  0-05Aniydro2hloric  acid  =  A,  0-0278  ;  B,  0-0279  ;  C,  0-0281 

(mean  =  0-0279). 

Eill«»  =0-0279  X  20  X  2-3026  =  1-28. 
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Cinnaniic   acid   (m.  p.   133°)  was    purified    by  ciystallisation    from 
benzene. 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  O'lOiV". 

15  c.c.  of  the  alcoholic  solution  required 
29-78  CO.  of  iV/20  alkali. 


t  in  hour?. 

a-x. 

l/tlog.a/a  —  x. 

2 

26-95 

0-0-217 

4 

24-67 

0-0205 

6 

22-68 

00197 

8 

20-73 

0-0197 

B. — Strength   of  the  hydrochloric   acid 
before  mixing  =  0-1995^'. 

15  c.c.  of  the  alcoholic  solution  required 
30-16  c.c.  of.V/20  alkali. 

<  in  hours.  a-x.  l/t]og.a/a-x. 

1-25  26-76               0-0415 

3  22-89      0-0399 

4  20-90      0-0398 
4-5  19-96      0-0399 


C. — Strength  of  the  hydrochloric  acid  before  mixing  =  0  -20xy. 

15  c.c.  of  the  alcoholic  solution  required  29-95  c.c.  of  N/20  alkali. 

<  in  hours.  a-x.  l/tlog.a/a- x. 


27-19 
24-79 
20-70 
18-87 


0-0420 
00410 
0-0401 
0-0401 


Mean  corrected  for  0-liV hydrochloric  acid  =  A,  0-0408;  B,  0-0404;  C,  0-0408 

(uaean  =  0-0407). 

El?'      =0-0407  X  10  X  2-3026  =  0-937. 


Atrojnc  {a-Phenylacrylic)  Acid  (m,  p.  106°), 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-098iV. 

15  c.c.  of  the  alcoholic  solution  required 
29-67  c.c.  of  iV7-20  alkali. 

t  in  hours.  a  -  x. 

12  26-61 

24  23-67 

36-5  21-26 

48  18-95 


B. — Strength  of  the  hydrochloric  acid 
before  mixing  —  0-102..V. 

15  c.c.  of  the  alcoholic  solution  required 
•29-28  c.c.  of  A720  alkali. 


log.aja-x. 

t  in  hours. 

a-x. 

Ijtlog.ala-x. 

000393 

21-35 

23-57 

0-00441 

0  00409 

45-35 

18-82 

0-00423 

0-00397 

69-6 

15-11 

0-00413 

0-00406 

77-56 

14-40 

0-00397 

C. — Strength  of  the  hydrochloric  acid  before  mixing  =  0-lOliV. 
15  c.c.  of  the  alcoholic  solution  required  38-67  c.c.  of  NjiO  alkali. 


t  in  hours 
24 

34-25 
46-17 


30-60 
28-01 
25-62 


l/tlog,a/a-x. 
0-00423 
0-00409 
0-00387 


Mean  corrected  for  O'OSiV  hydrochloric  acid  =  A,  000408  ;  B,  0-00410;  C,  0-00402 

(mean  =  0-00407). 

E]iInH  =  0-00407  X  20  X  2-30-26  =  0-187. 


I       a-Chlorocroionic  acid  (m.  p.  99*2°)  was   purified  by  recrystallisation 
from  ligroin  (b.  p.  90—110°).   . 
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A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0'20iV. 

15  c.c.  of  the  alcoholic  solution  required 
29-98  c.c.  of  iV/20  alkali. 


B. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0"20iV. 

15  c.c.  of  the  alcoholic  solution  required 
29-98  c.c.  of  iV/20  alkali. 


in  hours. 

a-x. 

l/tlog.a/a-x. 

t  in  hours. 

a-x. 

IJtlog.a/a-x. 

16 

22-91 

0-00730 

16 

22-91 

0-00731 

25 

19-90 

0-00712 

25 

19-90 

0-00712 

40 

15-68 

0-00704 

40 

15-68 

0-00704 

49-5 

13-51 

0-00700 

49-3 

13-60 

0-00697 

C. — strength  of  the  hydrochloric  acid  before  mixing  =  O'lOlA^. 

15  c.c.  of  the  alcoholic  solution  required  27 '95  c.c.  of  iV/20  alkali. 

Hn  hours.  a-x.  l/tlog.a/a-x. 


17-70 

24-21 

0-00353 

26-88 

22-32 

0-00363 

40-78 

19-92 

0-00360 

50-83 

18-77 

0-00340 

Mean  corrected  for  0-05A' hydrochloric  acid=A,  0' 
(mean  =  0-00354). 


36;  B,  0-00356;  C,  0-00350 


(3-Chlorocrotonic  acid  (m.  p.  94 — 95°)  was  ciystallised  from  ligroin. 


A.^ — Strength  of  the   hydrochloric  acid 
before  mixing  =  0-200iV. 

15  c.c.  of  the  alcoholic  solution  required 
29-94  c.c.  of  A72O  alkali. 


t  in  hours. 

a-x. 

1/ilog.a/a-x 

3 

26-22 

0-0192 

6-5 

22-61 

0-0188 

10-2 

19-22 

0-0189 

B.— Strength  of  the  hydrochloric   acid 
before  mixing  =  O'lOSiV. 

15  c.c.  of  the  alcoholic  solution  required 
30-43  c.c.  of  iV720  alkali. 

t  in  hours.  a-x.  l/t  log.  a/ a  -  x. 

19-63  19-31  001006 

22-35  18-30  0-00988 

25-51  17-21  0-00971 

28-67  16-07  0-00968 


C— Strength  of  the  hydrochloric  acid  before  mixing  =  0-lOlA" 
15  c.c.  of  the  alcoholic  solution  required  34-95  c.c.  of  N/2'J  alkali. 


t  in  hours. 

a-x. 

l/tlog.a/a-x 

3-02 

32-75 

0-00934 

8-17 

29-01 

0-00990 

10-5 

27-65 

0-00968 

ted  for  0-0 

5iVhyc 

rochloric  acid 

=  A,  0-0094 

7;  B,  0-00954; 

C,  0-00954 

(mean  =  0  00952). 

•^MeOH 

=  0  00952x20 

X  2-3026  =- 

0-438. 

/S-C/iloroiaocrotonic  acid  (m.  p.  61°)  was  purified  by  recrystallisation 
from  water. 
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A. — Strength  of  the  hydrochloric   acid   |    B. — Strength  of  the  hydrocMoric   acid 


before  mixing  =  0"1975iV. 

15  c.c.  of  the  alcoholic  solution  required 
30-32  c.c.  of  i\720  alkali. 


I  in  hours. 

a  -  X. 

Ijtlog.aja-x. 

t  in  hours. 

a-x. 

l/t\og.a/a- 

3 

28-71 

0-00787 

22 

27-76 

0-00364 

5 

27-88 

0-00728 

29 

25-89 

0-00381 

8 

26-42 

0-00747 

46 

22-69 

0-00365 

10 

25-46 

0-00759 

before  mixing  =  O'lOliV^. 

.c.  of  the  alcoholic  solution  required 
33-39  c.c.  of  i\^/20  alkali. 


Mean  corrected  for  0-05iV  hydrochloric  acid  =  A,  0-00382  ;  B,  0-00366 

(mean  =  0-00374). 

E"°       =  0-00374x20x2-3026  =  0-172. 


Furfurylacrylic  acid  (m.  p.  141°)  was  prepared  according  to 
Liebermaun's  method  {Ber.,  1894,  27,  286),  and  was  purified  by 
crystallisation  from  benzene. 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  -  0-098iV. 

15  c.c.  of  the  alcoholic  solution  required 
29-74  c.c.  of  iV^/20  alkali. 


t  in  hours. 

a^x. 

1/tlog.a/a-x. 

t  in  hours. 

a-x. 

l/t\og.a/a-x 

2 

27-57 

0-0165 

2 

27-79 

0-0156 

4-183 

25-88 

0-0148 

4 

25-87 

0-0156 

6 

24-4 

0-0143 

6 

24-11 

0-0155 

8 

22-98 

0-0140 

8 

22-50 

0-0154 

B. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-0992iV. 

15  c.c.  of  the  alcoholic  solution  required 
29-86  c.c.  of  iV/20  alkali. 


C. — Strength  of  the  hydrochloric  acid  before  mixing  =  0-lOOA' 

15  c.c.  of  the  alcoholic  solution  required  30-06  c.c.  of  A720  alkali. 

i  in  hours.  a-x.  1/tlog.a/a-x. 


27-92 

0-0161 

25-94 

0-0160 

24-02 

0-0162 

22-34 

0-0161 

Mean   corrected   for  0-05A' hydrochloric  acid  =  A,  0-0152;  B,  0-0156;  C,  0-0161 

(mean  =  0-0156). 

E^lf.nxx  =  0-0156x20x2-3026  =  0-718. 


FurfuryliiWoacrylic  Acid  (m.  p.  104°). — This  acid  was  obtained  at 
the  same  time  as  furfurylacrylic  acid  described  above.  The  crude  acid 
melting  at  83 — 87°  was  purified  by  conversion  into  piperidine  salt  and 
finally  by  crystallisation  from  ligroin  (b.  p.  70 — 90°)  (compare 
Liebermann,  Ber.,  1895,  28,  129). 
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A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-198A^. 

15  c.c.  of  the  alcoholic  solution  required 
29-92  c.c.  of  A72O  alkali. 


B. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-20A'"'. 

15  c.c.  of  the  alcoholic  solution  required 
29-66  c.c.  of  iV/20  alkali. 


t  in  hours. 

a-x. 

l/t\og.a/a-x. 

t  in  hours. 

a  -  X. 

l/i!log.ffl/rt- 

1 

28-78 

0-0169 

1-5 

28-05 

0-0161 

2 

27-77 

0-0162 

2-5 

27-03 

0-0161 

4 

25-72 

0-0164 

3-6 

25-95 

0-0161 

4-5 

25-13 

0-0168 

4-5 

25  01 

0-0164 

Mean  corre 

cted  for  0-OlA^hydrochloric  acid  =  A,  0-0167 

;B 

0-0162  (mean 

=  0-0164 

^'L 

0^=  0-01645 X 

10x2-3026  = 

0-: 

579. 

Liebermann  {Ber.,  1894,  27,  287)  describes  an  acid  melting  at 
83 — 87°,  which  at  one  time  he  regarded  as  being  furfurylaWoacrylic 
acid,  but  which  was  subsequently  shown  [Ber.,  1895,  28,  129)  to  be  a 
mixture  of  f  urf  urylacrylic  acid  with  the  a^^o-isomeride.  We  have  deter- 
mined the  esterification  constants  of  this  mixture  and  obtained  the 
following  numbers  : 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-lA^. 

15  c.c.  of  the  alcoholic  solution  required 
29-97  c.c.  of  iV/20  alkali. 


B. — Strength  of  the  hydrochloric   acid 
before  mixing  =  0-0998A^. 

15  c.c.  of  the  alcoholic  solution  required 
30-07  c.c.  of  A7-2O  alkali. 


t  in  hours. 
2 
4 
6 
8 

a-x. 
28-42 
27-07 
25-83 
24-74 

l/tlog.a/a-x 
0-0115 
0-0110 
OOIOS 
0-0104 

t 

in  hours. 
2 
4 
6 

8 

a  -  X. 
28-31 
26-96 
2572 
24-63 

l/i]og.a/a-x. 
0-0130 
0-0118 
0-0113 
0-0108 

Mean  corrected  for  0-05iV  hydrochloric 
Ei?=   „  =  0-0113 

ac 

x2 

d-- 
Ox 

=A,  0-0109 
2-3026  = 

;B,  0-0117  ( 
0-520. 

nean  =  0-0113). 

The  result  is  intermediate  between  the  values  for  furfurylacrylic  acid 
and  its  isomeride.  It  is  noticeable  that  the  values  of  \/t\og.a/a-x 
are  not  by  any  means  constant,  but  diminish  as  t  increases. 

a-Chlorocinaamic  acid  was  purified  from  benzene  and  melted  at 
139°. 


A. — Strength  of  the  hydrochloric    acid 
before  mixing  =  O'lOA^. 

15  c.c.  of  the  alcoholic  solution  required 
29-94  c.c.  of  iV720  alkali. 


t  in  hours. 

a-x. 

l/tlog.a/a-x. 

t  in  hours. 

a-x. 

l/tlog.a/a- 

48 

23-42 

0-00222 

21-5 

26-83 

0-00219 

72 

20-59 

0  00226 

46 

23-70 

0-00221 

96 

18-31 

0-00222 

72-5 

20-85 

0-00217 

120-5 

16-32 

0-00219 

98 

18-49 

0-00214 

B. — Strength  of  the  hydrochloric   acid 
before  mixing  =  0-0993A'. 

15  c.c.  of  the  alcoholic  solution  required 
29-94  c.c.  ofJV/20  alkali. 


Corrected  mean  for  0 -05 A^  hydrochloric  acid  =  A,  0-00221  ;  B,  0-00218 

(mean  =  0-00220). 

El?°        =  0-00220x20x2  •30-26  =  0101. 
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a-CJtlorosAlocinnamic   Acid    (m.  p.    111°). 


A. — Strength  of  the  hydrochloric   acid 
before  mixing  =  0-0998i\^. 

15  c.c.  of  the  alcoholic  solution  required 
29-82  c.c.  of  i\7-20  alkali. 

t  in  hours.  a  -  x.  1/t  log.  a/a  -  a-. 

48  27-86-  0-000617 

91-5  26-19  0-000616 

144  24-49  0-000594 


B. — Strength  of  the  hydrochloric   acid 
before  mixing  =  0  0993A^. 

15  c.c.  of  the  alcoholic  solution  required 
29-77  c.c.  of  iV/20  alkali. 

t  in  hours.  a  -  x.  l/tlog.a/a  -  x. 

56-5  27-34  0-000655 

96-25  25-95  0-000619 

148  24-27  0-000599 


C— Strength  of  the  hydrochloric  acid  before  mixing  —  0-099iV. 

15  c.c.  of  the  alcoholic  solution  required  29-79  c.c.  of  ^^720  alkali. 

<  in  hours.  a-x.  l/flog.a/a-  x. 

51  27-71  0-000616 

96  26-09  0-000600 

145  24-74  0-000557 

192  23-02  0-000583 

Mean  corrected  for  0-05A^  hydrochloric  acid  =  A,  0-000610  ;  B,  0-000628  ;  C,  0-000595 

(mean  =  0-000611). 

ElL.w  =  0  000611X  20x2-3029  =  0  028. 


P-Ghlorocinnamic  acid,  obtaiued  by  the  action  of  phosphorus  penta- 
chloride  on  ethyl  benzoylacetate,  was  crystallised  from  beuzeue  and 
melted  at  143°. 


A. — Strength  of  the  hydrochloric    acid  i  B. — Strength  of  the  hydrochloric  acid 

before  mixing  =  0-197iY.  [  before  mixing  =  0-198iV. 

15  c.c.  of  the  alcoholic  solution  required  I  15  c.c.  of  the  alcoholic  solution  required 

30-32  c.c.  of  A720  alkali.  j  30-27  c.c.  of  A72O  alkali. 


t  in  hours. 
1-5 
3 

4-5 
6 

a  —  x. 
28-81 
27-27 
25-80 
24-46 

lltAog.aja-x. 
0-0147 
0-0153 
0-0156 
0-0155 

t 

in  hours.            a  -  x. 
1-58                28-70 
3-1                  27-09 
4-5                  25-66 
6-5                  24-43 

Ijtlog.uja-x. 
0-0146 
0-0155 
0-0159 
0-0143 

Mean  corrected  for  0-lOiV  hydrochloric  aci 
^iieOH  =0-0154x1 

d  =  A,  0-0155;  B,  0-0152 
0x2-30-26  =  0-355. 

(mean  =  0-0154). 

[i-Chloro?i\\ocinna'>nic  acid,  obtained  by  the  action  of  phosphorus 
pentachloride  on  ethyl  benzoylacetate  and  also  by  the  addition  of 
hydrogen  chloride  to  phenylpropiolic  acid,  was  crystallised  fi'om 
methyl  alcohol  and  carbon  disulphide  and  melted  at  123-5°. 
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A. —Strength  of  the  hydrochloric   acid 
before  mixing  =  0-202iV: 

15  c.c.  of  the  alcoholic  solution  required 
29-84  c.c.  of  iV/20  alkali. 

t  in  hours.  a  -  x.  1/tlog.a/a  -  x. 

2  27-56              0-0173 

3-05  26-53              0-0167 

5  24-66      0-0166 

6  23-81      0-0163 


B. — Strength  of  the  hydrochloric   acid 
before  mixing  —  0-214iV^. 

15  c.c.  of  the  alcoholic  solution  req^uired 
29-74  c.c.  of  iV/20  alkali. 


t  in  hours. 
2-5 
3-5 

4-5 
6-5 


a-x.  l/tlog.a/a-x. 
27-10  0-0162 

26-10  0-0162 

24-76  0-0177 

23-03  0-0171 


Mean  corrected  for  0-liV  hydrochloric  acid= A,  0-0165;  B,  0-0157  (meau  =  0-0161). 
EIL.H  =  0-0161x10x2-3026  =  0-371. 


a-Bromocinnamic  Acid. 
melted  at  130—131°. 


-This  was    crystallised    from   benzene  and 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-1  OiV. 

15  c.c.  of  the  alcoholic  solution  required 
29-95  c.c.  of  iV/20  alkali. 


t  in  Ijours. 

a-x. 

l/t\og.a/a-x. 

t  in  hours. 

a-x. 

l/tlog.a/a- 

24 

27-41 

0-00160 

24 

27-11 

0-00180 

48-5 

25-08 

0-00159 

48 

24-80 

0-00171 

72 

22-97 

0-00160 

72 

23-08 

0-00157 

96 

21-09 

0-00159 

96 

21-18 

0-00157 

B. — Strength  of  the  hydrochloric  acid 
before  mixing  —  O'lOOiV. 

15  c.c.  of  the  alcoholic  solution  required 
29-95  c.c.  of  iV/20  alkali. 


Mean  corrected  for  0-05iV^  hydrochloric  acid=:A,  000160  ;  B,  0-00166 

(mean  =  0-00163). 

El?°       =  0-00163  X  20  X  2-3026  =  0-075. 


a-Bromoa\\oci7inamic  acid  (m.  p.  120°)  was  purified  by  crystallisation 
from  ligroin  (b.  p.  110—130°). 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-0998i\^. 

15  c.c.  of  the  alcoholic  solution  required 
29-95  c.c.  of  A720  alkali. 

t  in 


B.— Strength  of  the  hydrochloric  acid 
before  mixing  =  O-lOA'". 

15  c.c.  of  the  alcoholic  solution  required 
30-03  c.c.  of  iV/20  alkali. 


hours. 

a  -  X. 

lJt\og.a/a-x. 

t  in  hours. 

a-x. 

l/t\og.a/a-x. 

72 

28-97 

0-000200 

72 

29-00 

0-000210 

144-5 

27-94 

0-000209 

144 

28-04 

0-000206 

216 

26-98 

0-000209 

240 

26-67 

0-000215 

312 

25-70 

0-000213 

312 

25-90 

0-000206 

Mean 

corrected  for  0-05A^hydrochlo 

ric  acid  =  A, 

0-000208;  B, 

0-000209 

(mean  =  C 

-000-209). 

E'?: 

,„=  0-000-209x1 

0x2-3026  = 

-0  00962. 

^-Bromocinnamic  acid,  when  crystallised   from  chloroform,  melted 
at  135°. 
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A. — Strength  of  the  hydrochloric   acid 
before  mixing  =  O'lOiV. 

15  c.c.  of  the  alcoholic  solution  required 
30-15  c.c.  of  i\720  alkali. 

t  in  hours. 


B. — Strength  of  the  hydrochloric   acid 
before  mixing  =  0*1002iV. 

15  c.c.  of  the  alcoholic  solution  required 
29-87  c.c.  of  iV/20  alkali. 


a  -X. 

l/t\og.a/a  -  X. 

t  in  hours. 

a-o:. 

Ijtlog.a/a- 

28-26 

0-00940 

26-78 

0 -00858  ^ 

9-25 

24-78 

0-00877 

24-79 

0-00850   - 

22-15 

19-72 

0-00814 

23-87 

0-00845  J 

26-48 

18-10 

0-00821 

C— Strength  of  the  hydrochloric  acid  before  mixing  =  0-1031i^. 

15  c.c.  of  the  alcoholic  solution  required  30-27  c.c.  of  J\720  alkali, 

t  in  hours.  a  -  x.  l/tlog.a/a  - x. 


17-02 
20-78 
23-65 
27-62 


21-81 
20-06 
19-03 
17-81 


0-00836 
0-00860 
0-00852 
0-00834 


Mean  corrected  for  0-05iV' hydrochloric  acid  =  A,  0-00851  ;  B,  0-00836  ;  C,  0-00821 

(mean  =  0-00836). 

ElLm  ==  0-00836x20x2-3026  =  0-385. 


P-BromoaWocinnamic  acid  was  crystallised  from  ethyl  alcohol  and 
from  benzene  and  melted  at  159°. 


A. — Strength  of  the  hydrochloric   acid 
before  mixing  —  0-198iV. 

15  c.c.  of  the  alcoholic  solution  required 
30-43  c.c.  of  iV^/20  alkali. 


t  in  hours. 
1-5 
2-9 
4-5 


a  -  X. 
28-61 
26-98 
25-16 
23-21 


l/tlog.a/a -X, 
0-0178 
0-0180 
0-0183 
0-0196 


Mean  corrected  for  O'liV  hydrochloric  acid  =  A,  0-0186 
0-0178  (mean  ==  0-0182). 

Elflnu  =  0-0182x10x2-3026  :=  0-419. 


B. — Strength  of  the  hydrochloric    acid 
before  mixing  =  0-202iV, 

15  c.c.  of  the  alcoholic  solution  required 
30-25  c.c.  oiN/20  alkali. 

t  in  hours.  a  -  x.  1  /(,  log.  a/a  -  x. 

1-5  27-96  (0-0228) 

3  26-73  00179 

4-5  25-19  0-0177 

6  23-43  0-0185 

B  (last  three  values), 


Phenylcinnamic  Acid. — The  a-phenyl-  and  a-phenyl-a^/o-cinnamic 
acids  were  prepared  by  Bakunin's  method  {Gazzetta,  1897,  27,  ii,  48) 
by  the  condensation  of  sodium  phenylacetate,  benzaldehyde,  and  acetic 
anhydride.  The  mixture  of  crude  acids  was  separated  by  repeated 
crystallisation  from  benzene  until  the  crystals  had  the  correct  melting 
point  of  the  a- phenylcinnamic  acid,  namely,  172°.  The  mother  liquors 
when  evaporated  gave  residues  melting  at  120 — 130°.  These  were 
transformed  into  the  aniline  salt  of  the  allo-acid,  which  was  crystallised 
from  benzene  until  it  had  the  correct  melting  point  (128'^),  and  was 
then  decomposed  with  hydrochloric  acid,  and  the  liberated  allo-acid. 
crystallised  fx'om  light   petroleum.     From  110  grams  of  sodium  salt, 
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90  grams  of  pure  a-phenyl  acid  and  9  grams  of  allo-Sicid,  melting  at 
136 — 137°,  were  obtained. 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-0990A^. 

15  c.c.  of  the  alcoholic  solution  required 
28-44  c.c.  of  iV/20  alkali. 


t  in  hours 
22-5 
45 
69 
93 


a-  X. 
25-08 
21-68 
18-64 
16-21 


l/l\og.a/a  - 
0-00243 
0-00262 
0-00266 
0-00262 


B. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-20iV^. 

15  c.c.  of  the  alcoholic  solution  required 
29-32  c.c.  of  iV/20  alkali. 

i  in  hours.  a  -  x.  l/<log.  a/a  -  x. 

14  24-34  0-00578 

23-5  21-22  0-00597 

38  17-78  0-00571 

49  15-30  0-00577 


Mean  corrected  for  0 -05 iV  hydrochloric  acid  =  A,  0-00260;  B  (omitting  2ud  value), 

0-00287  (meau  =  0-00274). 

El?InT  =  0-00274x20x2-3026  =  0-126. 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  —  0-198A^ 

15  c.c.  of  the  alcoholic  solution  required 
28-61  c.c.  of  iV/20  alkali. 

t  in  hours.  a-x.  1/llog.a/a  -  x. 

120  27-76  0-000110 

187-25  27-13  0-000123 

266-5  26-53  0-000124 


PhenyloWocinnamic  Acid 
B, 


Mean  corrected  for  0-liV  hydrochloric  acid  =  A 
(mean  =  0-000125). 

10x2-3026  =  0-00288 


Strength  of  the  hydrochloric  acid 
before  mixing  =  0-197iV. 

15  c.c.  of  the  alcoholic  solution  required 
30-46  c.c.  of  iV720  alkali. 

<  in  hours.  a~x.  1/tlog.a/a-x. 

114  29-49  0-000124 

209-25  28-56  0-000134 

282  28-13  0-000123 

0-000120  ;  B,  0-000129 


Butyric  acid  was  redistilled,  and  the  portion  boiling  at  162°  used  in 
the  following  experiments  : 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0-05iV. 

15  c.c.  of  the  alcoholic  solution  required 
29-75  c.c.  of  AV20  alkali. 


B. — Strength  of  the  hydrochloric   acid 
before  mixing  =  0-0491A^. 

15  c.c.  of  the  alcoholic  solution  required 
30-10  c.c.  of  A72O  alkali. 


t  in  hours. 

a  -X. 

Ijtlog.ala-x. 

t  in  hours. 

a  -  X. 

1/dog  aja-x. 

0-516 

17-10 

0-465 

0-3 

■20-86 

0-480 

0-75 

13-95 

0  439 

0-5 

17-63 

0-465 

1-0 

11-18 

0-425 

0-75 

13-65 

0-458 

1-25 

8-90 

0-420 

1-0 

11-16 

0-431 

C— Strength  of  the  hydrochloric  acid  before  mixing  =  0-0491iV, 
15  c.c.  of  the  alcoholic  solution  required  30-25  c.c.  of  A720  alkali. 
t  in  hours.  a-x.  l/ilog.a/a -  x. 

0-25  23-46  0-442 

0-5  18-09  0-447 

0-75  13-93  0-449 

1-0  11-11  0-435 

Mean  corrected  for  0-025 A" hydrochloric  acid  =  A,  0-437  ;  B,  0-467  ;  C,  0-451 

(mean  =  0-452). 

El^-nrx  =  0-452x40x2-3026  =  41-63. 
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Dihydrocinnamic  acid  (m.  p.  47*5°)  was  purified  by  crystallisation 
from  ligroin  (b.  p.  30—50°). 


A. — Strength  of  the  hydrochloric  acid 
before  mixing  =  0'049A''. 

15  c.c.  of  the  alcoholic  solution  required 
28-63  c.c.  of  i\V20  alkali. 


t  in  hours. 

a  -  o:. 

1/tlog.  a/a  -X. 

0-258 

21-45 

0-486 

0-5 

16-97 

0-454 

0-75 

13-01 

0-457 

1-0 

10-21 

0-448 

B. — Strength  of  the  hydrochloric   acid 
before  mixing  =  0-0998.V. 

15  c.c.  of  the  alcoholic  solution  required 
29-81  c.c.  of  .^720  alkali. 

t  in  hours.  a  -  x.  l/<  log.  aja  -  x . 

0-5  1005               0-944 

1-0  3-49               0-931 

1-5  1-20               0-930 

2  0-38              0-947 


C. — Strength  of  the  hydrochloric  acid  before  mixings  O'lOA^. 
15  c.c.  of  the  alcoholic  solution  required  29-68  c.c.  oi  N/20  alcohol. 


t  in  hours 
0-5 
1-0 
1-5 


10-14 
3-59 
1-18 
0-38 


1/tlog.a/a-x. 
0-933 
0-917 
0-934 
0  946 


Mean  corrected  for  O'OSA'' hydrochloric  acid -A,  0  941  ;  B,  0  940  ;  C,  0-933 
(mean  =  0-938). 

EmIott  =0-938x20x2-3026  =  43-20. 


Phenijlpropiolic  Acid  (m.  p.  136 — 137°). — This  acid  was  prepared 
according  to  instructions  given  in  Trans.,  1903,  83,  1154,  and  was 
purified  by  crystallisation  from  chloroform. 


A. — Strength  of  the  hydrochloric   acid 
before  mixing  =  O'lOA''. 

15  c.c.  of  the  alcoholic  solution  required 
29-63  c.c.  of  iV/20  alkali. 


t  in  hours. 

a  -  X. 

l/tlog.a/a-x. 

t  in  hours. 

a-x. 

1 /dog.  ft/a - 

2 

Ti-n 

0-0144 

2 

27-70 

0-0156 

4 

26-Oi 

0-0140 

4 

25-94 

0-0149 

6 

24-52 

0-0137 

6 

24-45 

00142 

8 

23-36 

0-0129 

8 

23-13 

0-0137 

B. — Strength  of  the  hydrochloric  acid 
before  mLxing  =  0-1003iV. 

15  c.c.  of  the  alcoholic  solution  required 
29-76  c.c.  of  A72O  alkali. 


C. — Strength  of  the  hydrochloric  acid  before  mixing  =  0-lOA'. 

15  c.c.  of  the  alcoholic  solution  required  29  74  c.c.  oi  N/20  alkali. 

t  in  hours.  a-x.  1/tlog.a/a  -  x. 


27-91 


24-69 
23-53 


Mean  corrected  for  0-05iV  hydrochloric  acid  =  A,  0-01 
(mean  =  0-0139). 

E"'  „  =  0-0139x20x2-3026  = 


0-0138 
0-0137 
0-0135 
0-0127 

38  ;  B,  0-0140  ;  C,  0-0134 
0-640. 
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CLXXIX. — Hydrizino-halides  derived  from  Oxalic  Acid. 

By  Douglas  Anderson  Bowack  and  Arthur  Lapworth. 

Pechmann  and  Seeberger  {Ber.,  1894,  27,  322  and  2122)  have 
described  a  substance,  allied  in  constitution  to  the  class  of  compounds 
known  as  iminochiorides,  and  obtained  by  the  action  of  phosphorus 
pentachloride  on  benzoylphenylhydrazine, 

NH-NHPh  _    N-NHPh 

COPh  +   ^^^^   -    CPhCl        ^    ^^^^'   +   ^^'' 

whilst  Anschiitz  and  Stiepel  {Ber.,  1895,  28,  60;  and  Annaleii,  1899, 
306,  5)  pi'epared  from  methyl  dichloroxalate  and  phenylhydrazine  a 
substance  allied  to  the  imino-ethers,  and  at  the  same  time  closely 
related  to  methyl  oxalate  simply  by  replacing  a  carbonyl  oxygen  atom 
by  the  phenylhydrazone  residue  .'N'NHPh  : 

OMe-CCl2'C02Me  +  Ph-NH-NH2  =  0Me-C(C02Me):N-NHPh  +  2HC1, 

and  this  substance  as  well  as  the  free  carboxylic  acid  has  recently 
come  under  the  observation  of  Lander  (Trans,,  1904,  85,  987). 

By  acting  on  menthyl  azoacetoacetates,  Lapworth  (Trans.,  1903,83, 
1114)  found  that  hydrizino*-bromides  corresponding  with  Anschiitz 
and  Stiepel's  hydrizino-ether  were  produced.  The  present  communi- 
cation deals  with  experiments  on  similar  compounds  from  ethyl  azo- 
acetoacetates, and  although  a  more  complete  investigation  of  the 
chemical  character  of  the  pi'oducts  is  to  be  desired,  it  has  been  decided 
to  publish  the  results  obtained  up  to  the  present,  as  it  will  not  be 
possible  for  us  to  continue  the  work  conjointly. 

The  derivatives  alluded  to  were  prepared  by  two  different  methods, 
namely,  (1)  the  action  of  bromine  or  chlorine  on  azoacetoacetic  esters, 
and  (2)  mixing  solutions  of  diazonium  acetates  with  a-bromo-  or 
a-chloro-acetoacetic  esters  : 


*  The  term  "  hydriziiio-"  used  for  compounds  containing  the  group  — NH'N— 
corresponds  with  "imino-,"  which  refers  to  those  including  the  radicle  — N: 
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(l)CAc(N2Ph)-C02-C2H,  +  Br2  +  H,0  =  Ac-OH  +  HBr  +  rBr-CIN.HPh 
(2)CHBrAc-C02-aH^  +  OH-N.Ph     =  Ac-OH  +  \       COoEt 


Usually  the  second  method  was  the  one  employed,  as  it  does  not 
involve  the  manipulation  of  the  chlorinated  or  brominated  acetoacetic 
esters,  which  usually  have  most  disagreeable  and  irritating  odours  and 
appear  dangerous  to  health,  as  inhalation  of  their  vapour  may  caixse 
au  unpleasant  rash  involving  a  destruction  of  epidermal  tissues. 
When,  however,  this  method  is  applied  to  the  azo-compounds  prepared 
from  a  diazotised  aminobenzene  derivative,  in  which  the  para-position 
is  occupied  by  a  hydrogen  atom,  a  mixture  is  obtained  of  two  sub- 
stances which  are  not  easy  to  separate ;  one  of  these  is  the  normal 
product,  and  the  other  contains  an  additional  halogen  atom  in  the 
para-position  in  the  phenyl  nucleus  ;  in  such  cases,  therefore,  the 
difficulty  may  be  avoided  by  employing  the  second  method  of  prepara- 
tion. 

A  large  number  of  compounds  of  this  class  has  been  prepared  in 
the  course  of  the  work,  and  although  they  are  not  characterised  by 
forming  magnificent  massive  crystals,  such  as  those  obtained  from  the 
corresponding  menthyl  esters,  they  are  all  well  defined,  and  some  of 
them  have  been  obtained  in  transparent  tables  nearly  5  mm.  in 
diameter.  They  are  all  yellow,  and  afford  magnificent  coloured 
solutions  when  dissolved  in  a  large  bulk  of  concentrated  sulphuric 
acid.  On  hydrolysis  with  strong  mineral  acids  they  afford  alcohol 
and  phenylhydrazine,  but  oxalic  acid  could  not  be  detected  among  the 
products. 

The  halogen  atom  in  the  aliphatic  portion  of  any  of  these  compounds 
is  very  sensitive  to  all  reagents  which  are  at  all  alkaline  in  character, 
and  is  easily  replaced  by  the  amido-group  by  the  use  of  cold  aqueous 
ammonia.  The  first  product  is  in  all  cases  the  hydrizino-amide,  for 
example, 

NH.-CiN-NH-CgHs 
^  COo-C2H5 
and  may  be  regarded  as  a  hydrazone  of  oxamethane. 

These  hydrizino-amides  are  faintly  yellow,  and  exhibit  feebly  basic 
properties,    dissolving    in    strong    mineral    acids    from    the    solution 
in   which   they  are   reprecipitated    on   dilution    with  water.     When 
allowed  to  react  with  cold  aqueous  alkalis  under  certain  conditions, 
they  may   be  converted  into  amido-acids  by  hydrolysis   of  the  carb' 
ethoxy-gi'oup,  and  the  product  in  the  simplest  case  is 
NH.-CiN-NH-CjjHs 
"  COoH 
or   the   phenylhydrazone   of  oxamic    acid,    and    these   substances    are 
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chafacterised  by  the  possession   of  both   acidic  and  basic   characters. 
Hydrazones  of  oxamide,  for  example, 

NH2-C:N-NHPh 
CO-NHg  ' 
are  formed  when  the  original  halogen  compounds  are  allowed  to  remain 
in  contact  with  strong  aqueous  ammonia  for  a  considex'able  time,  and 
also  when  the  foregoing  amino-esters  are  treated  in  a  similar  way  ; 
doubtless  the  latter  are  the  intermediate  products  in  all  cases.  The 
oxamide-hydrazones  exhibit  characters  somewhat  resembling  those  of 
the  corresponding  esters,  and,  like  these  and  the  related  acids,  are 
resolved  on  treatment  with  dilute  acids  or  alkalis  into  phenyl- 
hydrazines,  oxalic  acid,  and  ammonia. 

The  most  interesting  feature  of  the  bromo-  and  chloro-methylene- 
carboxylic  esters  is  unquestionably  the  great  stability  of  the  halogen 
atom  towards  all  agents  which  are  not  alkaline  in  character  as  com- 
pared with  their  reactivity  in  presence  of  alkalis  or  ammonia.  The 
compounds  are  scarcely  affected  by  long-continued  heating  with 
sodium  or  potassium  acetate  in  alcoholic  solution,  and  are  only  very 
slowly  attacked  by  lead  oxide  or  acetate  and  by  silver  salts.  The 
action  of  alkalis,  however,  is  very  rapid  and  the  products  are  ring 
compounds,  the  mode  of  origin  of  which  at  first  sight  appears  to  have 
no  connection  with  the  production  of  amides  when  ammonia  is 
employed,  but  the  following  considerations  will  serve  to  show  that  the 
mechanism  in  the  two  cases  is  perhaps  not  altogether  dissimilar. 

The  halogen  compounds  here  dealt  with  exhibit  many  of  the 
characters  of  acid  bromides,  but  at  the  same  time  they  contain  the 
group  INH  and  thus  may  be  expected  to  behave  on  occasion  as  imino- 
compounds ;  in  consequence  of  this  dual  character,  they  appear  to  be 
capable  of  reacting  simultaneously  ia  both  ways,  with  the  result  that 
in  presence  of  alkalis  two  molecules  interact  with  elimination  of  two 
molecules  of  hydrogen  bromide  and  formation  of  a  condensation 
product  which  is  doubtless  to  be  regarded  as  an  acid  amide  twice 
over. 

CBr(C02Et):N-NHC6H5  C(C02Et):N'-N-C6n5 

+  =1  I  4-2HBr. 

NH(CeH5)-N:CBr(C02Et)        N(C6H5)-N:C-C02Et 

These  compounds  are  very  readily  formed  on  addition  of  cold  dilute 
alkalis  or  alkaline  carbonates  to  the  cold  alcoholic  solutions  of  the 
halogen  compounds,  and  they  separate  as  red  crystals  which  are  not 
difiicult  to  purify.  Their  molecular  weights,  as  found  by  a  cryoscopic 
method,  is  nearly  that  calculated  for  compounds  having  constitutions 
corresponding  with  the  above  formula,  and  this  appears  to  be  the  only 
possible  way  in  which  their  structure  may  be  represented.     They  thus 
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belong  to  the  class  of  compounds  known  as  s-dihydrotetvazones,  and  of 
which  the  parent  substance  has  the  structure 

CH         N 
N  CH  ■ 

\nh/ 

The  latter  has  been  prepared  by  the  action  of  heat  on  formylphenyl- 

C02H-C=N-NH 

well-known  substance  "  bisdiazoacetic  acid." 


Experimental. 

Ethyl    rhenylhydrizinoh'omomethylenecarboxylate, 
C^Hg-NH-NICBr-CC/b^H^. 

In  the  first  attempts  to  prepare  this  compound,  ethyl  phenylazo- 
acetoacetate  was  dissolved  in  the  minimum  quantity  of  glacial  acetic 
acid,  and  to  the  cold  solution  was  added  rather  more  than  one 
molecular  proportion  of  sodium  acetate,  when,  without  waiting  for  the 
salt  to  dissolve,  bromine  was  added  drop  by  drop  until  one  molecular 
proportion  had  been  employed,  whilst  the  whole  was  cooled  by  a  stream 
of  water.  At  the  end  of  this  operation  the  whole  was  poured  into 
sevei-al  times  its  bulk  of  cold  water,  the  dark  red  oil  which  was 
deposited  being  collected,  washed  with  water,  and  triturated  with  a 
small  quantity  of  alcohol,  which  resulted  in  the  deposition  of  a  large 
amount  of  crystalline  material.  This  was  separated  from  adherent  oil 
by  filtration  and  subjected  to  a  process  of  fractional  crystallisation 
from  alcohol,  which  finally  resulted  in  the  isolation  of  two  compounds, 
both  containing  bromine  ;  one  of  these  was  found  to  be  the  substance 
sought  for,  but  the  other  contained  a  larger  proportion  of  bromine, 
half  of  which  was  removed  by  boiling  with  alcoholic  silver  nitrate  and 
the  remaining  portion  only  by  the  use  of  fuming  nitric  acid  and  silver 
nitrate  in  a  closed  tube.  The  latter  compound  was  finally  identiBed 
with  the  substance  obtained  from  ;;-bromobenzenediazonium  salts  and 
ethyl  bromoacetoacetate  and  evidently  owed  its  origin  to  the 
simultaneous  attack  of  the  halogen  in  the  phenyl  nucleus  and  in  the 
aliphatic  portion  of  the  molecule. 

The  monobrominated  compound  sought  for  was  more  easily  obtained 
by  the  following  process,  in  which  the  danger  of  further  change  is 
obviated.  Pure  crystallised  phenyldiazonium  sulphate  (1  mol.)  is 
dissolved  in  ice-cold  water,  and  this  solution  was  added  in  small 
quantities  at  a  time  to  ethyl  a-bromoacetoacetate  (1  mol.)  which  had 
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previously  been  dissolved  in  about  twenty  times  its  bulk  of  alcohol 
containing  sodium  acetate  (1|  mols.)  either  dissolved  or  in  suspension. 
After  remaining  in  the  cold  for  abovtt  five  hours,  the  whole  was 
poured  into  a  considerable  bulk  of  water,  when  a  dark  red  oil 
separated,  and  this  slowly  became  semi-solid.  The  product  was 
collected,  washed  repeatedly  with  water,  and  recrystallised  from 
alcohol. 

0-2499  gave  0-1731  AgBr.     Br  =  29-4. 

0-2501     „     0-4080  CO2  and  0-095  HgO.     C  =  44-5;  H  =  4-2. 
CioHijOgNgBr  requires  C  =  44-2  ;  H  =  4-l  ;  Br  =  29-5  per  cent. 

The  compound  is  readily  soluble  in  alcohol,  ethyl  acetate,  acetone, 
acetic  acid,  benzene,  or  chloroform,  and  very  readily  so  in  the  hot 
liquids ;  it  is  less  readily  dissolved  by  cold  petroleum  or  ether,  but  is 
somewhat  freely  dissolved  by  the  latter  at  its  boiling  point.  It  may 
be  recrystallised  from  any  of  these  solvents,  but  alcohol  is  the  most 
suitable,  and  from  its  hot  solution  in  this  medium  the  compound 
separates  on  cooling,  usually  in  the  form  of  large,  lemon-yellow  plates 
which  melt  sharply  at  83 — 84°.  The  crystals,  according  to  the  tem- 
perature at  which  they  separate,  are  six-sided  plates  or  transparent 
octahedra  with  lustrous  faces,  and  appear  to  belong  to  the  ortho- 
rhombic  system.  The  axial  angle,  as  seen  in  crushed  fragments  of 
the  crystals  immersed  in  cedar-wood  oil,  is  small,  and  the  double 
refraction  is  strong  and  positive  in  sign.  The  axial  dispersion  is  very 
strong,  the  angle  for  red  light  being  greater  than  that  for  blue.  After 
fusion  between  glass  slips  the  substance  solidifies  slowly  to  semi- 
transparent  masses  of  irregular  needles,  the  plane  of  which  is 
apparently  at  right  angles  to  the  axial  plane  in  nearly  all  cases. 

Sulphuric  acid  dissolves  this  substance,  affording  a  solution  with  an 
intense  greenish -violet  colour,  which  disappears  on  the  addition  of 
water. 

Many  attempts  were  made  to  replace  the  halogen  atom  in  this  and 
the  allied  compound  by  the  hydroxyl  group  so  as  to  obtain  ethyl 
hydrazino-oxalates,  but  in  all  cases  without  success.  Solutions  of 
alkalis  or  sodium  ethoxide,  and  even  those  of  sodium  carbonate,  at 
once  attack  the  substance,  but  the  product  consists  of  the  dihydro- 
tetrazone  derivative  described  later.  The  action  of  alcoholic  or  acetic 
acid  solutions  of  silver,  lead,  or  potassium  acetates  on  the  halogen 
compounds  of  this  class  is  exceedingly  slow,  even  at  the  boiling  point ; 
the  solutions  slowly  darken  in  colour,  but  the  qiiantity  of  halogen 
removed  is  inconsiderable  after  many  hoars'  treatment,  and  no  oi'ganic 
compounds  of  definite  character  could  be  isolated  as  the  result  of  the 
change. 

Success  has  not  attended  the  efforts  hitherto  made  to  prepare  the 
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halogen  compounds  from  ethyl  hydrazino-oxalates,  for  example, 
C,,H5-NH-NH-CO-C02-C2H5,  by  the  action  of  phosphorus  halides,  al- 
though evidence  was  obtained  that  the  compounds  are  possibly  present 
in  the  crude  products,  as  in  certain  cases  addition  of  an  alkali  produced 
a  deep  red  or  purple  colour  resembling  that  obtained  when  pure  com- 
pounds are  similarly  treated.  The  halogen  compounds  are  not  appre- 
ciably altered  by  methyl  or  ethyl  iodide  or  by  benzyl  chloride  at 
100°. 

In  the  hope  of  being  able  definitely  to  decide  the  constitution  of  the 
compounds  dealt  with  in  this  research,  many  attempts  were  made  to 
hydrolyse  them  by  acids,  as  they  may  be  expected  to  afford  phenyl - 
hydrazine,  alcohol,  and  oxalic  acid.  The  condensing  effect  of  alkali 
precludes  the  use  of  potassium  or  sodium  hydroxide  for  this  purpose. 
Some  quantity  of  the  halogen  compound  was  heated  with  alcoholic  hydro- 
chloric acid  until  only  a  small  amount  of  precipitate  was  formed  on  dilu- 
tion with  water  ;  the  whole  was  then  rendered  alkaline,  when  the  odour 
of  phenylhydrazine  at  once  became  perceptible,  and  steam  was  there- 
fore blown  through  the  liquid,  when  a  distillate  was  obtained  in  which 
no  difficulty  was  experienced  in  proving  the  presence  of  phenyl- 
hydrazine  in  considerable  quantities,  but  it  was  somewhat  surprising 
to  note  that  no  trace  of  oxalate  could  be  detected  in  the  alkaline 
residue.  Doubtless  decomposition  of  the  oxalyl  residue  had  occurred 
at  some  intermediate  stage,  and  possibly  formylphenylhydrazine  is  the 
first  product  of  this  decomposition,  but  for  this  surmise  we  have  no 
direct  experimental  evidence,  as  we  were  also  unsuccessful  in  detecting 
formates. 


Ethyl  Phenylhydrizinochloromethylenecarhoxylate, 
CeH5-NH-N:CCl-C02-C2H5. 

This  compound  is  best  prepared  by  a  method  similar  to  that 
recommended  for  the  production  of  the  corresponding  bromo-dei*ivative, 
namely,  by  the  action  of  phenyldiazonium  sulphate  on  a  dilute  solution 
of  ethyl  a-chloroacetoacetate  in^alcohol,  in  presence  of  two  molecular 
propox'tions  of  sodium  acetate.  The  resulting  solution,  after  dilution 
with  much  water,  deposits  a  red  oil  which  slowly  becomes  semi- 
solid when  washed  with  water  and  consists  almost  wholly  of  the 
desired  compound  ;  it  may  be  purified  by  recrystallisatiou  from  hot 
alcohol. 

When  chlorine  is  passed  into  a  solution  of  ethyl  pheuylazoaceto- 
acetate,  the  product  is  a  mixture  of  the  foregoing  substance  with  ethyl 
chloromethylene-p-chlorophenylhydrazonecarboxylate,  and  these  can  be 
separated  only  with  great  difficulty  by  fractional  crystallisation.  It 
was   noticed,    however,   that  if   a  large   excess   of   sodium   acetate   is 
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previously  dissolved    in  the  acetic  acid,    the   proportion   of   dichloro- 
compound  formed  may  be  exceedingly  small. 

0-1562  gave  0-0980  AgCl.     CI  =  15-5. 

C]^oHii02-^2^^  requires  CI  =  15-7  per  cent. 

The  substance  dissolves  very  readily  in  chloroform  and  in  ethyl 
acetate,  somewhat  less  so  in  acetone,  chloroform,  benzene,  acetic  acid, 
and  alcohol,  and  is  sparingly  soluble  in  petroleum.  It  separates  from 
cold  alcoholic  solutions  in  yellow  rhombohedi-a,  and  from  hot  alcohol 
in  large,  transparent  plates,  closely  resembling  those  of  the  bromo- 
compound  ;  it  melts  at  70 — 71°. 

The  crystallographic  properties  are  similar  to  those  of  the  cor- 
responding bromo-derivative,  but  the  axial  angle  is  distinctly  wider. 
After  fusion  between  glass  slips,  the  compound  solidifies  slowly,  mainly 
to  opaque  masses  of  fine  needles;  here  and  there,  however,  larger 
forms  are  found,  and  through  these  the  optic  axis  of  a  biaxial  figure 
may  frequently  be  seen  in  convergent  polarised  light. 

Chemically,  no  appreciable  difference  in  properties  was  noticed 
between  this  compound  and  that  just  described  ;  dilute  alkalis  and 
ammonia  attack  both  equally  rapidly  and  lead  to  the  formation  of  the 
same  products.  With  sulphuric  acid,  the  chloro -com pound  yields  a 
deep  mauve  solution,  which  is  changed  to  a  cobalt-blue  on  addition  of 
a  trace  of  nitric  acid.  Concentrated  nitric  acid  dissolves  the  compound 
with  the  formation  of  aji  intensely  blue  solution  which  slowly  becomes 
green.  These  colour  reactions  appear  to  be  more  marked  than  is  the 
case  when  the  bromo-compound  is  used. 

Ethyl  1^-Bromohydrizinohromomethylenecarhoxylate, 
CgH^Br-NH-NICBr-COa'C^Hj. 

When  bromine  is  added  in  molecular  proportion  to  ethyl  /)-bromo- 
phenylazoacetoacetate  dissolved  in  glacial  acetic  acid  which  contains  a 
slight  excess  of  sodium  acetate,  the  product,  obtained  by  diluting  the 
solution  with  water,  rapidly  solidifies  and  appears  to  be  homogeneous ; 
it  is  at  once  obtained  in  a  pure  state  on  crystallisation  from  alcohol. 
The  same  substance  is  formed  as  a  by-product  when  bromine  acts  on 
ethyl  phenylazoacetoacetate  dissolved  in  acetic  acid,  but  is  not  easily 
isolated  from  the  mixed  product.  A  specimen  obtained  by  this 
method  was  analysed. 

C  =  34-2;  H=2-7. 
34-2''8;  H  =  2-8  percent. 

The  compound  is  very  readily  soluble  in  benzene,  chloroform,  ethyl 
acetate,  ether,  acetic  acid,  and  acetone,  but  is  more  sparingly 
soluble   in   cold   alcohol   and    is    very     sparingly    soluble    in    light 
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petroleum ;  it  sepai-ates  readily  when  its  hot  saturated  solution 
in  alcohol  is  cooled,  in  the  form  of  small,  yellow  needles  melting 
sharply  at  146—147°. 

In  polarised  light,  the  long  crystals  are  seen  to  be  dichroic  and 
between  crossed  Nicols  extinguish  at  about  43^  to  their  length.  In  a 
few  cases,  short  crystals  are  deposited,  and  these  have  an  axis  of  a 
biaxial  figure  emerging  nearly  perpendicular  to  the  field.  After  fusion 
between  glass  slips,  the  compound  solidifies  rapidly  to  nearly  opaque 
masses  of  fine  needles  crystallographically  identical  with  those  deposited 
from  solutions. 

In  chemical  characters,  this  compound  so  closely  resembles  the 
halogen  derivatives  already  described  that  further  details  are  scarcely 
necessary.  Its  solution  in  sulphuric  acid  has  a  fine  pale  olive  colour 
which  becomes  nearly  colourless  on  addition  of  a  little  concentrjited 
nitric  acid. 

Ethyl    ^-bromophenylhydrizinochloromethylenecarhoxylate, 
CeHjBr-NH-XICCl-CO^-CgH-, 
prepared  from  ^;-bi*omophenyldiazonium  salts  and  ethyl  a-cbloroaceto- 
acetate,  or,  better,  by  the  chlorination  of  ethyl  j9-bromophenylazoaceto- 
acetate   dissolved    in   acetic  acid,  is   obtained    in  a  crystalline   form 
without  difl&culty  and  is  purified  by  crystallisation  from  alcohol. 

0-2364  gave  0-3419  CO2  and  00688  HoO.     C  =  39-4;  H  =  3-2. 
0-2078     „     0-2251  AgCl  +  AgBr.     cr+Br  =  37-8. 
CioHjoO^N^BrCl  requires  C  =  39-3  ;  H  =  3-2  ;  CI  +  Br  =  37-8  per  cent. 

In  solubility  this  substance  closely  resembles  the  preceding 
dibromo-compound  and  forms  small,  yellow  crystals  melting  at 
158—159^. 

Under  the  microscope,  the  crystals  are  seen  to  be  quadrangular 
plates,  which  are  greatly  elongated  in  a  diagonal  direction  and  which, 
in  convergent  polarised  light,  show  one  axis  of  a  biaxial  interference 
figure  emerging  nearly  perpendicularly  through  the  larger  faces.  On 
fusion,  the  substance  behaves  like  the  preceding  compound.  The 
solution  of  the  substance  in  sulphuric  acid  is  bright  olive-green. 

EtJiy I  i^-ch lorojjhenylhydrizinobrom omethylenecarboxyla te, 
C^jH^Cl-NH-NX'Br-CO^-C.H^, 
was  prepared  by  adding  bromine  to  a  solution  of  ethyl  y>chlorophenyl- 
azoacetate,  and  was  purified  by  crystallisation  from  alcohol. 

0-2135  gave  03105  CO.  and  00643  H2O.     0  =  397;  H  =  3-3. 
CioHjoO^NoClBr  requires  C  =  39"-3  ;  R  =  3-2  per  cent. 

It  separates  from  alcohol  in  yellow  needles,  like  crystals,  melting 
at  130 — 131°.  Under  the  microscope,  these  present  the  appearance  of 
flat  needles    or   elongated    plates    tlu-ough    which    the  bisectrix  of  a 
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biaxial  figure  of  moderate  augle  emerges  perpendicularly  or  nearly  so. 
After  fusion,  the  compound  solidifies  rapidly  to  slender  needles  having 
the  same  characters  as  those  obtained  from  solutions. 
Ethyl  "p-chloroiyhenylhydrizinochloromethylenecarhoxylate, 
CeH^Cl-NH-NICCl-CO^-CgH^, 
obtained  as  a  by-product  in  chlorinating  ethyl  phenylazoacetoacetate, 
was  purified  by  repeated  crystallisation  from  light  petroleum. 

0-2493  gave  0-4228  CO.^  and  0-0954  H^O.     C  =  46-2  ;  H  =  4-2. 
CioHio02^2Cl2  requires  C  =  46-b  ;  H  =  3-8  per  cent. 

The  crystals  are  pale  yellow  needles  or  thin,  elongated  plates  which 
melt  at  145—146°. 

Ethyl  -m-nitrophenylhydrizinohromomethylenecarhoxylate, 
NO^-CeH^'NH-NICBr-CO.-CgH,, 
obtained    without    difiiculty    by    adding    the   calculated    quantity    of 
bromine  to  ethyl  m-nitrophenylazoacetoacetate  dissolved  in  acetic  acid 
containing  excess  of  sodium  acetate,  is  best  purified  by  crystallisa- 
tion from  glacial  acetic  acid. 

0-2175  gave  0-3044  COg  and  0-0595  HgO.     C  =  38-2;  H  =  3-l. 
0-2506     „     0-1496  AgBr.     Br  =  25-4. 
CioH^oO^NgBr  requires  C  =  38-0  ;  H  =  3-2  ;  Br  =  25-3  per  cent. 

This  compound  is  more  sparingly  soluble  in  most  organic  media 
than  those  previously  described,  and  separates  from  hot  glacial  acetic 
acid  in  small,  orange  crystals  melting  at  144 — 145°. 

Under  the  microscope,  the  crystals  are  seen  to  be  small,  transparent 
rhombohedra,  which  are  biaxial,  as  was  ascertained  by  an  examination 
of  crushed  fi-agments  in  convergent  polarised  light.  The  axial  angle 
is  wide,  and  the  double  refraction  is  very  strong.  After  fusion 
between  glass  slips,  the  substance  solidifies  very  slowly  on  cooling  and 
usually  small  isolated  patches  of  minute  needles  are  formed. 

Ethyl  m.-nitro2^henylhydrizinochloromethylenecarhoxylate, 

no2-c^h^-nh-n:cci*co./CoH5, 

prepared    by    chlorinatiug    ethyl    m-nitrophenylazoacetoacetate,    was 
purified  by  crystallisation  from  alcohol. 

0-2313  gave  0-3729  COg  and  00796  HoO.     C  =  43-96  ;  H  =  3-82. 
CioHi„04N3Cl  requires  C  =  44-2 ";  H  =  3  68  per  cent. 

This  product  very  closely  resembles  the  corresponding  bromo-com- 
pound  in  appearance  and  general  properties,  but  melts  at  152 — 153°. 

Ethyl  f^-nitrophenylhydrizinochloromethjlenecarboxylate, 
N02-C6H4-NH-N:CBr-CO,/CoH5, 
prepared    from    ethyl  jo-nitrophenylazoacetoacetate,    was    purified    by 
crystallisation  from  glacial  acetic  acid. 
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0-2304  gave  03243  CO2  and  0-0644  Hp.     0  =  38-38  ;  H  =  3-13. 
CioHjoO^NgBr  requires  0  =  37-97  ;  H=3-16  per  cent. 

The  compound  is  somewhat  readily  soluble  in  hot  alcohol,  acetic 
acid,  acetone,  ethyl  acetate,  and  benzene ;  it  separates  fi'om  hot 
alcoholic  solutions  in  two  crystalline  forms,  one  granular  and  the 
other  consisting  of  needles,  and  these  are  present  in  about  equal 
proportions.  From  glacial  acetic  acid,  only  the  granular  modification 
is  obtained  and  this  melts  at  197 — 198°.  The  crystals  from  glacial 
acetic  acid  are  small,  brownish-yellow  rhombohedra,  which  belong 
to  a  biaxial  system  and  have  a  very  strong  double  refraction.  On 
fusion,  it  behaves  like -the  preceding  compound. 

Ethyl  '^-tolylhydrizinohromomethylenecarboxylate, 
CH.-CeH^-NH-NICBr-COg-CgHs. 
- — This  substance  and  the  corresponding  chloro-compound  were  prepared 
in  considerable  quantities,  both  by  the  action  of  the  halogens  on 
ethyl  ^j-tolylazoacetoacetate  and  by  coupling  bromo-  and  chloro-aceto- 
acetate  esters  with  diazotised  ^j-toluidine.  The  former  method  is  here 
the  most  advantageous,  as  in  no  instance  was  it  found  that  any  com- 
pound containing  halogen  in  the  benzene  nucleus  was  produced.  The 
pi"oduct  was  purified  by  recrystallisation  from  alcohol. 

0-2490  gave  04264  CO2  and  0-0909  figO.     0  =  46-7 ;  H  =  4-6. 
0-2376     „     0-1558  AgBr.     Br  =  27-9. 
CiiH^gO^N^Br  requires  0  =  46-3  ;  H  =  4-6;  Br  =  28-1  per  cent. 

It  resembles  the  corresponding  phenyl  compound  in  solubility  in 
most  media,  but  separates  somewhat  more  rapidly  from  supersaturated 
solutions.  Hot  alcoholic  solutions  usually  deposit  the  substance  in 
the  form  of  light  yellow  plates,  but  occasionally  it  appears  in  the  form 
of  slender  needles  ;  the  presence  of  acetic  acid  seems  to  favour  the 
production  of  the  latter  form.     It  melts  at  90 — 91°. 

In  polarised  light  the  needles  extinguish  at  about  6°  to  their 
direction  of  greatest  length  and  in  this  direction  their  elasticity  is 
the  greatest ;  when  fused  between  glass  slips,  the  substance  solidifies 
in  masses  of  needles  identical  in  properties  with  those  above  described, 
but  if  the  cooling  is  very  rapid,  minute,  transparent  plates  are  formed 
through  which  one  axis  of  a  biaxial  figure  emerges  nearly  perpen- 
dicularly. The  double  refraction  and  the  axial  dispersion  are  very  strongi 

Ethyl  '^-tolylhydrizinocldoromethylenecarboxylate, 
CHg-CeH^-NH-NICCl-COa'OgHg, 
is  best  purified  by  crystallisation  from  hot  light  petroleum. 

0-2224  gave  0-4479  OOj  and  0-1082  HgO.     0  =  549  ;  H  =  54. 
0-2688     „     0-1571  AgCl.     01  =  14-5. 
OiiHigOaNgCl  requires  0  =  54-9  ;  H  =  5-4 ;  01  =  U-8  per  cent. 
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This  substance  is  much  more  readily  soluble  in  most  media  than 
the  other  compounds  of  this  class  ;  it  separates  from  light  petroleum 
in  the  form  of  slender,  pale  yellow  needles  melting  at  99 — 100°. 


Action    of   Ammo7iia    on    the    Esters     of    Phenylhydrizino- 
chloro-   aoid  -hromo-methylenecarhoxylic  Acids. 

Ethyl  phenylhydrizinoaminomethylenecarhoxylate, 

c,h,-nh-n:c(nh2)-C02-C2H,. 

— In  preparing  this  compound  the  following  method,  which  may  also 
be  adopted  in  all  the  analogous  cases,  was  found  to  be  the  most  satis- 
factory. The  finely-divided  halogen  compound,  in  quantities  of  about 
2  grams  at  a  time,  is  triturated  in  a  mortar  with  10  c.c.  of  ammonia 
(sp.  gr.  =0'880)  to  prevent  the  formation  of  lumps,  an  occurrence  which 
results  in  an  imperfect  conversion  of  the  material.  Little  change  in 
appearance  is  noticed,  but  at  the  end  of  half  an  hour  the  solid  is 
removed  by  filtration,  washed  repeatedly  with  small  quantities  of 
water,  and  purified  by  crystallisation  from  alcohol. 

0-2045  gave  0-4347  CO2  and  0-1169  HoO.     C  =  57-7;  H  =  6-4. 
0-2039     „    0-4160  nitrogen.     N  =  20-6. 

C10H13O2N3  requires  C  =  58-0  ;  H  =  6-3  ;  N  =  20-3  per  cent. 

The  substance  is  readily  soluble  in  acetone,  ethyl  acetate,  acetic  acid, 
alcohol,  and  chloroform,  more  sparingly  in  ether  and  benzene,  and  is 
nearly  insoluble  in  light  petroleum  ;  it  separates  rapidly,  when  its  hot 
saturated  solution  in  alcohol  is  cooled,  in  the  form  of  light  yellow 
crystals  which  melt  at  128°.  The  crystals  are  well-formed,  flat,  light- 
yellow  needles  having  straight  extinction,  and  when  fused  between  glass 
slips  the  substance  solidifi.es  somewhat  slowly  to  groups  of  similar 
forms. 

This  compound  is  slightly  basic  in  character,  and  dissolves  in  cold 
concentrated  hydrochloric  acid,  but  is  reprecipitated  on  addition  of 
water.  No  crystalline  salts  were  obtained.  On  long-continued  boiling 
with  mineral  acids,  it  is  decomposed,  and  if  the  resulting  solution  is 
rendered  alkaline,  ammonia  and  phenylhydrazine  are  liberated ;  a 
small  quantity  of  oxalic  acid  also  can  usually  be  detected  as  the  result 
of  the  hydrolysis.  Sulphuric  acid  dissolves  it  with  formation  of  an 
intense  olive-green  solution. 

The  action  of  cold  strong  alkalis  on  this  compound  is  described  else- 
where ;  by  the  long-continued  action  of  hot  alcoholic  potash,  it  affords 
a  considerable  quantity  of  oxalic  acid ;  the  odour  of  ammonia  may  be 
detected  and  also,  apparently,  that  of  aniline.  Attempts  were  made  to 
i-emove  the  amino-group  by  the  action  of  nitrous  acid  on  the  solution 
of  this  ester  iu  hydrochloric  acid,  but  without  success.     An  uninviting 
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product  is  always  obtained,  atid  doubtless  the  phenylhydrazine  residue 
takes  part  in  the  reaction. 

Phenylhydrizinoam  inometJi,ylenecarhoxyaimde , 

c^H5-nh-n:c(nh.,)-co-nh2, 

is  obtained  when  the  preceding  ester  is  left  with  cold  concentrated 
ammonia  for  twenty-four  hours.  After  removal  by  filtration,  it  may  be 
purified  by  crystallisation  from  alcohol. 

0-2072  gave  0-4111  CO^  and  01061  H.^O.     C  =  54-l  ;    H  =5-7. 
0-2145     „    0-0672  nitrogen.     N  =  31-8. 

CgHjoON^  requires  0  =  53-9  ;  H  =  5-6;  N  =  31-5  per  cent. 

The  amide  dissolves  readily  in  alcohol,  ethyl  acetate,  acetone,  and 
acetic  acid,  less  readily  in  benzene,  ether,  and  chloroform,  and  appeal's 
to  be  insoluble  in  light  petroleum  ;  it  separates  from  solutions  in  hot 
alcohol  in  yellow  crystals  melting  at  160 — 161°. 

The  crystals  are  octahedra  or  massive,  transparent  rhombs,  but  have 
few  well-formed  faces,  being  usually  defined  by  curved  planes.  Crushed 
fragments  in  convergent  polarised  light  show  occasionally  interference 
figure  of  a  biaxial  crystal  of  wide  axial  angle.  The  double  refraction  is 
very  strong  and  positive  in  sign.  When  fused  between  glass  slips,  the 
amide  solidifies  to  opaque  patches  of  minute,  slender  needles,  too  small 
for  optical  examination. 

The  amide  shows  feebly  basic  characters  similar  to  those  presented 
by  the  amino-ester  from  which  it  was  prepared,  and  dissolves  somewhat 
more  readily  in  mineral  acids,  but  is  mostly  reprecipitated  on  addition 
of  a  large  quantity  of  water.  No  crystalline  platinichloride  or  auri- 
chloride  could  be  obtained.  It  is  very  slowly  hydrolysed  by  cold 
alcoholic  potash,  but  is  decomposed  both  by  hot  alkalis  and  hot  dilute 
mineral  acids.  Phenylhydrazine  and  ammonia  were  detected  as  pro- 
ducts in  the  latter  instance. 

A  minute  fragment  shaken  with  concentrated  sulphuric  acid  yields  a 
bright  blue  liquid  which  at  once  becomes  olive-green  on  addition  of  a 
trace  of  nitric  acid. 

Ethyl  ^-tolylhydrizinoaminomethylenecarhoxylaie, 

C8H4(ch3)-nh-n:c(nHo)-co2-C2H5, 

is  made  by  triturating  the  corresponding  bromo-  or  chloro-methylene 
compound  with  ammonia  during  half  an  hour.  A  specimen  crystal- 
lised from  alcohol  was 


0-2099  gave  0-4590  COg  and  0-1291  H2O.     0  =  59-6;  H  =  6-8. 
^11^15^2^3  requires  0  =  59*7  ;  H  =  6-8  per  cent. 

It  closely  resembles  the  related  phenyl  compound  in  general  char- 
acter, and  separates  from  hot  alcohol  in  yellow  crystals  which  melt  atj 
149—150°. 
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The  crystals  are  well-formed,  flattened  needles  having  straight 
extinction  in  polarised  light,  the  direction  of  greatest  length  and 
elasticity  being  coincident.  When  fused,  crystallisation  does  not 
occur  if  the  fused  mass  is  cooled  too  suddenly,  but  if  allowed  to  cool 
slowly  it  solidifies  quickly  to  a  mass  of  transparent  needles  identical 
with  those  obtained  from  solutions. 

The  solution  in  concentrated  sulphuric  acid  has  an  intense  green 
colour.  The  compound  is  much  less  rapidly  attacked  by  ammonia 
than  is  the  corresponding  phenyl  derivative,  but  if  allowed  to  remain 
with  it  during  3 — 4  days  is  converted  into  ■p-tolylhydrizinoamino- 
methylenecarboxT/amide,  CH3'C^H4-NH'N;C(NHo)*CO-NH2,  which 
crystallises  from  alcohol  in  well-formed,  elongated,  nearly  colourless 
plates  melting  at  171 — 172°.  The  crystals  have  straight  extinction  in 
polarised  light  and  belong  to  the  orthorhombic  or  the  monoclinic 
system.  The  axial  angle  is  wide,  and  the  double  refraction  strong  and 
positive  in  sign. 

Ethyl  ■p-chlorophenylhydrizinoammomethylenecarboxylate, 

C6H4Ci-nh-n:c(nh2)-c02-C2H^, 

was  prepared  by  the  foregoing  method. 

0-2027  gave  0-1190  AgCl.     01  =  14-5. 

CjoHjgOgNgCl  requires  Cl=  14-7  per  cent. 

It  is  more  sparingly  soluble  in  most  media  than  the  corresponding 
phenyl-  and  tolyl-hydrazone  compounds,  but  otherwise  behaves  in 
a  similar  way  ;  it  melts  at  144 — 145°. 

The  crystals  from  alcohol  are  well-formed,  nearly  colourless,  flat 
needles,  which  do  not  extinguish  in  polarised  light.  They  are  biaxial, 
and  one  axis  emerges  nearly  perpendicularly  through  the  larger  faces ; 
the  axial  angle  is  wide,  and  the  double  refraction  positive  in  sign  and 
strong. 

The  fused  substance  is  bright  yellow  and  solidifies  readily  on  cool- 
ing to  masses  of  needles. 

Hydrolysis  of  Ethyl  Phenylhydrizinoaminomethylenecarhoxylate. 

The  products  of  the  prolonged  action  of  alkalis  and  acids  on  ethyl 
phenylhydrizinoaminomethylenecarboxylate  have  already  been  men- 
tioned. It  is  possible,  by  adopting  certain  methods,  to  arrest  the 
hydrolysis  by  alkali  at  an  intermediate  stage,  and  thus  to  obtain  the 
free  carboxylic  acid.    The  following  method  has  given  the  best  results. 

Phenylhydrizinoaminomethylenecarhoxylic  A  cid, 

C6H5-nh-n:c(nh2)-co2H. 

— Ethyl  phenylhydrizinoaminomethylenecarboxylate,  in  quantity  not 
exceeding  ten  grams,  is  placed  in  a  large  mortar  and  stirred  with 
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enough  aqueous  potassium  hydroxide  (50  per  cent.)  to  convert  it  into 
a  stiff  paste.  Alcohol  is  then  added  drop  by  drop,  with  constant  stir- 
ring, until  the  whole  is  sufficiently  fluid  to  pour,  when  the  material 
gradually  deepens  in  colour  and  at  the  end  of  half  a  minute  becomes 
olive-green.  At  the  end  of  one  minute  fi'om  the  moment  of  addition 
of  the  first  drop  of  alcohol,  40  c.c,  of  water  are  added,  and  the  result- 
ing solution  filtered  and  cautiously  acidified  with  strong  hydrochloric 
acid.  At  first,  an  odour  of  phenylhydrazine  becomes  perceptible  and 
a  rusty-coloured  precipitate  is  formed,  and  finally  a  red  or  green  semi- 
solid mass  is  produced  which  is  transferred  to  j^orous  earthenware  to 
drain.  The  material  when  neai-ly  dry  is  tritvirated  with  a  little  glacial 
acetic  acid,  which  causes  it  to  assvime  a  crystalline  form,  after  which 
it  may  be  drained,  washed  with  a  little  absolute  alcohol,  and  purified 
by  crystallisation  from  acetone. 

0-2310  gave  0-4545  CO2  and  0-1031  H2O.     C  =  57-7;  H=:5-0. 
0-2520     „     51-6  c.c.  moist  nitrogen  at  20°  and  762  mm.    N  =  24-0. 
0311902^3  requires  C  =  53-7  ;  H  =  4-9  ;  N  =  23-5  per  cent. 

The  acid  is  nearly  insoluble  in  chloroform,  benzene,  and  light 
petroleum,  sparingly  soluble  in  ethyl  acetate,  more  readily  so  in 
acetone,  and  dissolves  readily  in  alcohol  and  in  glacial  acetic  acid. 
The  crystals  from  acetone  are  needles  which  melt  and  decompose 
at  145 — 146°.  When  crystallised  from  a  mixture  of  ethyl  acetate  and 
acetic  acid,  it  separates  in  the  form  of  diamond-shaped  plates  contain- 
ing acetic  acid  of  crystallisation ;  these  melt  and  decompose  at 
about  130°. 

Among  the  products  obtained  by  the  decomposition  of  the  acid  at 
its  melting  point,  carbon  dioxide  and  a  little  ammonia  were  recog- 
nised ;  a  certain  amount  of  an  inflammable  gas  is  also  liberated.  The 
nature  of  the  non-volatile  product,  which  is  partially  crystalline,  has 
not  yet  been  ascertained. 


Actio7i  of  Alkalis    on    the    Esters    of   Phenylhydrizino- 
chloro-    and    -hr  omo-methylenec  arhoxylic    Acids. 

Formation    of  Dihydrotetrazine    Derivatives. 

Diethyl  Di])henyldihydrotetrazinedicarboxylate, 

— Ethyl  phenylhydrizinobromomethylenecarboxylate  is  violently 
attacked  by  sodium  or  potassium  hydroxide,  affording  deep  red  pro- 
ducts ;  the  same  reactions  occur  when  less  powerful  alkalis  are  used, 
and  the  most  satisfactory  results  were  obtained  with  sodium  carbon- 
ate.    The  method   finally  selected  was  the   following.     The  etter,  in 
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quantities  of  about  five  grams,  is  dissolved  in  about  25  c.c,  of  warm 
alcohol,  and  the  solution  then  cooled.  An  equal  bulk  of  water 
is  then  added,  and  subsequently  excess  of  a  fairly  strong  solution  of 
sodium  carbonate.  "I'he  addition  of  the  latter  being  made  in  small 
quantities  at  a  time  causes  the  immediate  production  of  an  intense 
deep  red  colour  and  a  precipitate  of  a  brownish-red  powder,  and  when 
no  further  obvious  change  occurs  on  adding  more  alkali,  the  whole  is 
diluted  with  much  water  and  the  precipitate  washed  with  water.  The 
dried  material  is  crystallised  from  hot  ethyl  acetate. 

0-2123  gave  0-4932  CO.,  and  Oi 047  H.p.     0  =  63-4;  H  =  5-5. 
0-2149     „      0-0328  nitrogen.     N  =  151. 

C.oH^oO^N^  requires  C  =  63-2  ;  H  =  5-3  ;  N  =  14-7  per  cent. 

The  sub.stance  is  neai-ly  insoluble  in  light  petroleum  and  somewhat 
sparingly  so  in  alcohol ;  it  dissolves  more  readily  in  benzene  and 
chloroform  and  ethyl  acetate,  and  crystallises  from  a  hot  saturated 
solution  in  the  latter  solvent  in  the  form  of  small,  deep  red,  glistening 
crystals,  which  have  a  brilliant  blue  metallic  lustre.  It  melts  at 
145 — 146°,  and  does  not  resolidify  on  cooling  owing,  probably,  to 
partial  decomposition. 

The  crystals,  under  the  microscope,  are  needles  or  elongated  plates. 
In  polarised  light,  some  of  these  extinguish  parallel  with  and  some 
obliquely  to  their  direction  of  greatest  length.  Owing  to  their  small 
size,  it  was  not  found  possible  to  examine  their  optical  properties  more 
closely. 

The  molecular  weight  of  the  substance  was  determined  by  the 
ebullioscopic  method  :  0-2858  gram  in  23*55  grams  of  nitrobenzene 
caused  a  depression  of  0-2250°  in  the  boiling  point,  hence  the  mole- 
cular weight  found  was  377  (CgoH^oO^N^  requires  M. W.  =  380). 

In  the  attempt  to  prepare  the  free  dicarboxylic  acid  from  this  ester, 
the  latter  was  boiled  for  five  minutes  with  methyl  alcohol  containing 
10  per  cent,  of  potassium  hydroxide;  at  the  end  of  this  time,  the 
solution,  when  diluted  with  water,  no  longer  produced  any  precipitate, 
and  the  whole  was  therefore  cooled  and  poured  into  about  an  equal 
bulk  of  cold  water,  and  hydrochloric  acid  was  added  in  slight  excess. 
A  light  yellow  precipitate  was  thus  formed,  and  this  was  separated  by 
filtration,  washed  with  water,  and  rapidly  crystallised  from  hot 
alcohol. 

0-2200  gave  0-5179  CO2  and  0-0927  HgO.     0  =  64-2;  H  =  4-7. 
OjgHjgOgN^  requires  0  =  64-3  ;  H  =  4-3  per  cent. 

The  equivalent  was  determined  by  titration  with  phenolphthalein 
as  indicator :    0-2238   gram   required   0*0328  gram  of  caustic  soda, 
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whence  the  equivalent  =  273.  A  monobasic  acid  having  the  formula 
CjjHjg^^-^  has  an  equivalent  =  280. 

It  accordingly  seems  probable  that  the  acid  thus  obtained  arises  by 
the  elimination  of  a  carboxyl  group  from  the  dicarboxylic  acid  first 
formed  by  the  hydrolysis  of  the  diethyl  ester,  so  that  its  constitution 
is  probably  to  be  expressed  by  the  formula 

Diphenyldihydrotetrazinecarhoxylic  acid  is  somewhat  sparingly 
soluble  in  the  usual  media  in  the  cold,  but  dissolves  more  readily  in 
hot  alcohol  or  acetone,  and  is  freely  dissolved  by  hot  glacial  acetic  acid  ; 
it  must  be  rapidly  crystallised  from  hot  solvents,  however,  as  it  shows 
a  distinct  tendency  to  decompose  when  left  in  contact  with  them  at 
their  boiling  points,  and  this  instability  recalls  the  still  greater  insta- 
bility of  the  dicarboxylic  acid,  by  the  decomposition  of  which  this 
substance  is  doubtless  formed.  The  acid  melts  and  decomposes  at 
206 — 207°,  leaving  a  residue  which  has  not  yet  been  closely  examined. 

Ethyl  Bi-p-tolyldihydrotetrazinedicarboxylate, 

— This  ester  is  made  by  the  action  of  dilute  alkalis  on  cold  alcoholic 
solutions  of  ethyl  ^'-tolylhydrizinobromomethylenecarboxylate,  and 
may  be  purified  by  crystallisation  from  ethyl  acetate. 

This  compound  closely  i-esembles  the  corresponding  diphenyl  deriv- 
ative in  general  behaviour  towards  solvents  and  reagents  generally  ; 
it  melts  at  158—159°. 

The  crystals  from  ethyl  acetate  are  rhomboidal  plates,  which  appear 
red  or  blue  by  reflected  light,  but  when  very  thin  transmit  a  yellow 
light.     The  extinction  directions  bisect  the  angles  of  the  crystals. 

In  conclusion,  we  have  to  express  our  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  helped  to  defray 
much  of  the  cost  of  the  investigation. 

Chemical  Department, 
Goldsmiths'  College, 
New  Cross,  S.E. 
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CLXXX. — Silicon  Researches.  Fart  IX.  Bromination  of 
Silico2')henyl-imide  and  -amide,  and  Formation  of 
a  Compound  including  the  Group  (SiN). 

By  J.  Emeeson  Reynolds,  M.D.,  Sc.D.,  F.R.S. 

It  has  been  shown  in  Part  YII  *  of  this  series  of  papers  that  silico- 
tetraphenylamide,  which  was  described  in  Part  V,t  can  ailord  silico- 
triphenylguanidine  and  silicodiphenylimide.  The  latter  substance, 
Si(N"Cf;H5)2,  is  isomeric  with  the  still  unknown  silicocyanamide, 
SiNIN(C(,H5)2 ;  it  seemed  probable,  therefore,  that  one  or  other  of 
the  above-named  substances  could  be  made  to  afford  a  compound 
including  the  group  SiN,  analogous  to  cyanogen,  and  so  complete  in 
this  direction  the  examination  of  the  points  of  similarity  already 
traced  in  these  papers  between  silicon  and  carbon  in  their  nitrogen 
derivatives.  With  this  view,  the  actions  of  various  substances  on  the 
di-imide  and  -amide  have  been  studied,  and,  of  these,  bromine  has 
afforded  the  most  satisfactory  results,  hence  the  work  with  this 
element  forms  the  subject  of  the  present  communication. 

The  insoluble  di-imide  was  used  in  the  first  instance ;  but  while 
easily  giving  the  additive  compound  Si(N*C,.H5)2Br2  described  below, 
further  attack  with  bromine  became  so  irregular  that  it  was  soon 
replaced  by  the  soluble  silicophenylamide,  which  proved  to  be  much 
more  suitable  for  the  systematic  study  of  the  products  of  bromination. 

One  molecular  proportion  of  silicotetraphenylamide  in  benzene 
solution  interacts  quite  regularly  with  about  six  atomic  proportions  of 
bromine,  also  dissolved  in  benzene,  provided  the  temperature  is  kept 
down  and  the  addition  of  the  halogen  made  very  slowly.  The  colour 
of  bromine  disappears  and  a  precipitate  forms  from  the  outset  con- 
sisting of  aniline  and  bromoaniline  hydrobromides.  It  was  found, 
however,  that  three  successive  stages  can  be  recognised  in  this  inter- 
action, and  each  one  has  been  closely  examined. 

(1)  In  the  first  stage,  bromine  (2  atoms)  effects  the  removal  of  one 
of  the  aniline  residues  in  the  form  of  hydrobromide,  which  sepai-ates 
out,  and  there  remains  in  solution  the  substituted  guanidine, 

Si^N-CcH^Br. 

(2)  At  the  second  stage,  the  guanidine  is  attacked  by  a  similar  pro- 
portion of  bromine,  which  causes  the  removal  of  more  hydrobromide 

TU-./l    TT    Xf  — 

and  the  formation  of  a  soluble  disubstituted  di-imide,  ^^'^-fj.n^u^TJr.* 
*  Trans.,  1900,  77,  836.  t  Trans.,  1889,  55,  474. 
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This  substance  does  not  appear  to  form  an  additive  compound 
analogous  to  that  afforded  by  the  unsubstituted  di-imide. 

(3)  The  third  stage,  in  which  another  molecule  of  bromine  acts  on 
the  substituted  di-imide,  is  to  some  extent  conditioned  by  the  dilution 
of  the  benzene  solution  in  which  the  interaction  takes  place ;  but  the 
chief  change  involves  the  removal  of  a  third  aniline  residue,  leaving 
in  solution  the  SiN  compound  SiNC^^IIgBrg,  So  far  as  composition  is 
concerned,  this  substance  is  evidently  the  silicon  analogvie  of  a 
disubstituted  wocyanide  or  isonitrile  in  the  carbon  series. 

In  much  stronger  solutions,  more  or  less  of  at  least  one  other  sub- 
stance is  formed,  with  the  elimination  of  HBr,  namely,  ^i^-M-.r^^H^Rr  ' 
and,  probably,  a  still  smaller  proportion  of  ^i'^-M-.p^xr^T?  ."• 

The  experimental  details  are  given  below. 

Ti-eatment  with  large  excess  of  bromine  leads  to  the  production  of 
silicon  bromide  and  hydrogen  bromide,  whilst  highly  brominated 
anilines  separate. 

Experimental. 
The  Action  of  Bromine  on  the  Di-imide. 

It  was  found  that  the  finely-powdered  di-imide  easily  absorbed 
bromine  vapour  when  the  latter  was  led  over  it,  but  the  action  was 
evidently  irregular,  even  if  the  vapour  were  largely  diluted  with  an 
indifferent  gas.  This  unsatisfactory  method  was,  however,  soon 
discarded  for  one  in  which  a  benzene  solution  of  bromine  was  used  in 
the  following  way. 

Four  grams  of  the  pure  di-imide,  in  very  fine  powder,  were  diffused 
through  50  c.c.  of  benzene  and  to  this  mixture  was  added,  gradually 
and  with  constant  agitation,  a  solution  of  3"1  grams  of  bromine  in 
benzene.  The  colour  of  the  bromine  disappeared,  rapidly  at  first  and 
then  more  slowly,  until  at  the  end  of  the  addition  some  free  bromine 
remained  for  nearly  half  an  hour  before  complete  combination  was 
effected.  Heat  was  developed  throughout  the  treatment,  but  the 
temperature  was  kept  down  by  external  cooling  in  order  to  prevent 
irregular  action.  The  proportion  of  bromine  to  di-imide  \ised  repre- 
sents two  atoms  for  each  molecule  of  the  compound  ;  a  slight  excess  of 
bromine  was  subsequently  added,  but  most  of  it  remained  free  after 
standing  for  several  hours. 

The  product  of  this  action  was  a  powder  slightly  grey  in  colour  at 
first  but  becoming  darker  on  exposure  to  the  air  ;  it  is  not  sensibly 
soluble  in  benzene,  as  the  latter  when  filtered  off  did  not  contain 
anything  except  the  small  excess  of  bromine  added.      The  powder  was 
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collected  and  dried  ;  its  weight  was  7*2  grams,  the  theoretical  propor- 
tion for  Si(N'C6H5)2Br2  being  7*04  grams. 

The  slight  gain  in  weight  above  that  required  for  the  dibromide  was 
doubtless  due  to  attack  of  the  nucleus  by  the  small  excess  of  bromine 
used  at  the  end  of  the  treatment. 

The  dibromide,  which  is  at  first  a  slightly  grey  powder,  deepens 
much  in  tint  on  exposure  to  the  air.  It  is  almost  insoluble  in  benzene 
and  ligroin,  is  dissolved  to  a  small  extent  by  chloroform  and  ether, 
easily  by  alcohol,  but  with  decomposition.  "When  heated  alone,  the 
dibromide  decomposes  without  fusing,  a  sublimate  of  a  bromoaniline  is 
obtained,  and  a  blue  liquid  distils  over  which  dissolves  in  alcohol  with 
a  purple  tint,  whilst  the  residue  soon  carbonises.  The  dibromide  is 
attacked  by  bromine  when  heated  with  the  latter  in  strong  benzene 
solution,  but  mixed  products  were  produced  which  were  so  difficult  to 
separate  that  it  seemed  preferable  to  study  the  action  of  bromine  on 
the  soluble  tetramide  rather  than  on  the  insoluble  di-imide,  and  it 
was  soon  found  that  much  more  satisfactory  results  could  be  obtained. 

The  Action  of  Bromine  on  Silicotetrajjlienylamide. 

Preliminary  experiments  proved  that  bromine  and  the  phenylamide 
readily  interact  at  the  ordinary  temperature  in  benzene  solution  ;  the 
colour  of  the  halogen  quickly  disappears,  a  white  precipitate  separates 
from  the  outset,  and  much  heat  is  developed.  It  was  also  ascertained 
that  approximately  six  atomic  proportions  of  bromine  can  be  added 
before  the  colour  of  the  latter  persists  even  for  a  short  time,  provided 
that  the  mixture  is  cooled  and  that  the  halogen  is  slowly  added  while 
the  material  is  being  constantly  agitated.  The  further  observation 
was  made  that  the  character  of  the  precipitate  sensibly  changed  after 
the  addition  of  four  out  of  the  six  atoms  of  bromine ;  it  was  therefore 
decided  to  study  in  detail  the  action  of  each  pair  of  atoms  on  the 
phenylamide,  and  the  results  of  the  examination  of  each  of  the  three 
stages  will  now  be  stated  in  their  order. 

(i)  The  first  stage  involved  the  action  of  bromine  (2  atoms)  on 
Si(NH-C6H5)4  :  39-6  grams  of  the  pure  amide  were  dissolved  in  about 
250  c.c.  of  carefully  dehydrated  benzene,  and  to  this  solution  were 
added  16  grams  of  bromine  in  100  c.c.  of  benzene.  The  addition  of 
the  halogen  was  gradual,  while  the  mixture  was  constantly  shaken 
and  cooled  externally ;  after  standing  overnight,  the  precipitate  was 
filtered  oif,  well  washed  with  benzene,  and  dried. 

The  precijntate  weighed  17  grams  ;  it  was  found  to  contain  0"13  gram 
of  silicon,  doubtless  due  to  incomplete  washing.  The  precipitate  was 
purified  by  solution  in  absolute  alcohol,  and,  after  filtration,  benzene 
was  gradually  added,  which  caused  the  separation  of  a  highly'crystal- 
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line  precipitate.  Tliis  substance  dissolved  completely  in  water,  and 
the  solution,  when  treated  with  sodium  hydroxide,  gave  droplets 
of  aniline.  The  substance  was  found  to  contain  Br  =  4:6'2  per  cent.  ; 
]SrH2-CgH5,HBr  requires  Br  =  45-97  per  cent. 

Aniline  hydrobromide  being  practically  insoluble  in  benzene, 
17  grams  of  it  separated  during  interaction  implies  the  removal  of  one 
of  the  four  aniline  residues  from  the  molecule  of  the  tetramide  along 
with  one  of  the  two  atoms  of  added  bromine.  Theory  requires  the 
separation  of  17  "4  grams  of  hydrobromide,  and  17  grams  were  actually 
obtained. 

I  have  already  shown  in  Part  VII  that  a  triphenylsilicoguanidine 
results  when  one  molecule  of  aniline  is  removed  from  the  silicotetra- 
phenylamide ;  it  was  therefore  highly  probable  that  the  silicon  com- 
pound remaining  in  solution  after  the  interaction  with  two  atoms  of 
bromine  would  prove  to  be  a  monobromo-derivative  of  the  guanidine 
resulting  from  the  following  change  : 

Si(NH-C6H,)^  +  Br2  =  Si^N-CgH^Br  +  NH2-C^H.,HBr. 

Nearly  all  the  benzene  was  distilled  oS.  from  the  solution  and  the 
viscid  liquid  remaining  was  then  allowed  to  evaporate  slowly  over  a 
large  surface  of  oil  of  vitriol,  which  latter  was  changed  frequently 
during  several  weeks  until  there  was  no  further  loss  of  weight.  The 
product  was  a  very  viscid  liquid,  which  did  not  afford  any  crystals 
even  at  low  temperatures  ;  when  heated,  it  gives  off  some  aniline  and 
leaves  a  brominated  residue.  It  is  precipitated  from  its  benzene 
solution  on  addition  of  ligroin  ;  it  dissolves  in  alcohol  and  in  ether, 
but  undergoes  decomposition,  aniline,  bromoaniline,  and  ethyl  silicates 
resulting. 

0-552  gave  0-08516  SiOg.     Si  =  7-19. 

Si(N'-C6H4Br)(NH-C6H.^)o  requires  Si -7-33  per  cent. 

As  the  interaction  of  one  bromine  molecule  (Brg)  led  to  the  produc- 
tion of  a  monobromosilicoguanidine,  it  seemed  probable  that  inter- 
action of  the  latter  with  another  molecule  of  bromine  would  afford 
a  substituted  silicon  di-imide  rather  than  the  additive  compound  similar 
to  that  obtained  by  the  action  of  bromine  on  the  insoluble  and  simple 
di-imide. 

(ii)  At  the  second  stage,  the  bromoguanidine  was  treated  with 
bromine  (2  atoms)  :  38-4  grams  of  silicobromoguanidine  (partly 
made  up  of  the  residue  of  the  last  operation  and  in  part  of  a  new 
preparation)  in  about  250  c.c.  of  benzene  were  treated  exactly  as 
before  with  16  grams  of  bromine  (Br^)   iu    100  c.c.  of   benzene.     The 
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addition  was  made  very  slowly  and  carefully,  this  precaution  being 
found  necessary  in  the  light  of  a  previous  experience,  which  led  to 
much  loss  of  material  and  time.  In  the  present  case,  however,  an 
apparently  homogeneous  precipitate  was  obtained,  and  this  was  filtered 
off,  well  washed,  and  dried.     The  filtrate  was  reserved  as  before. 

The  precipitate  weighed  17*6  grams,  or  slightly  more  than  that 
formed  in  the  first  stage,  and  contained  0'18  gram  of  silicon.  The 
precipitate  was  found  to  consist  for  the  most  part  of  aniline  hydro- 
bromide,  as  before,  but  it  included  a  small  proportion  of  ^-bromoaniline 
melting  at  63°.  Therefore,  in  one  form  or  another,  one  aniline  residue 
was  eliminated  from  the  bromoguanidine. 

The  solution  was  distilled  down  to  a  small  bulk  and  the  benzene 
distillate  examined  for  a  silicon  compound,  but  without  result.  The 
residue  was  wholly  transferred  to  a  weighed  flask  and  the  distillation 
continued  from  a  water-bath ;  the  complete  removal  of  benzene  was 
secured  by  heating  to  100°  for  half  an  hour  in  a  good  vacuum,  and 
then  to  120°  for  the  same  time.  The  substance  left  in  the  flask  after 
this  treatment  was,  at  100°,  a  clear,  viscid  liquid  of  a  brown  colour  ;  it 
gradually  solidified  on  cooling,  and  when  quite  cold  became  a  trans- 
parent, glass-like  mass,  which  was  sufiiciently  brittle  to  admit  of  being 
roughly  powdered.  All  efforts  failed  to  induce  any  crystallisation  of 
this  substance.  The  weight  obtained  was  36-5  grams,  and  that  with 
17-6  grams  of  pi-ecipitafee  gives  a  total  weight  of  54*1  grams  of  pro- 
ducts. The  materials  used,  384  grams  of  silicobromoguanidine  and 
16  grams  of  bromine  =  54-4:  gi-ams,  are  therefore  practically  accounted 
for. 

A  portion  of  the  glassy  mass  was  redissolved  in  benzene  and 
partially  precipitated  by  ligroin  ;  this  process  was  twice  repeated  in 
order  to  remove  bromoaniline  as  far  as  possible  ;  the  product  was 
dried  under  diminished  pressure  at  100°  until  all  the  volatile  matter 
was  appai'ently  removed,  but  even  then  it  was  probably  not  quite  free 
from  benzene,  traces  of  which  are  retained  with  great  tenacity. 

0-508  gave  0-0795  SiO^.     Si  =  7-31. 

0-298     „     0-299  AgBr.     Br  =  42-77. 

Si(N'CeH4Br)2  requires  Si  =  7-6  ;  Br  =  43'47  per  cent. 

The  chief  interaction  which  takes  place  at  the  second  stage  may, 
therefore,  be  represented  by  the  following  equation,  as  the  production 
of  bromoaniline  is  small  and  is  probably  due  to  secondary  changes  : 

Si^N-cXBi-  +  Br,  =  Si<tJ;g'^g^^;;  +  NH,-C,H„HBr. 

The  difiiculty  met  with  in  purifying  these  viscous  siliceous  com- 
pounds prevents  that  close  agreement  between  analytical  numbers  and 
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theory  which  can  be  attained  in  the  cases  of  crystalline  substances  ; 
but,  and  because  of  this,  unusual  care  has  been  taken  in  accounting 
for  all  the  materials  and  products  of  each  operation  in  order  to  obtain 
a  satisfactory  check  and  leave  no  doubt  as  to  the  nature  of  each 
change. 

The  silicon  dibromoimide,  although  a  transparent,  brown-coloured 
and  somewhat  brittle  mass  at  the  ordinary  temperature,  becomes  soft  and 
plastic  under  40^  and  passes  into  a  viscid  liquid  as  the  temperature  is 
increased,  until  at  100°  it  becomes  fairly  mobile.  When  strongly 
heated,  it  decomposes  giving  a  bromoaniline  sublimate  and  leaving  a 
substance  rich  in  silicon  which  is  reserved  for  further  examination. 
The  dibromoimide  is  very  soluble  in  benzene,  much  less  so  in  ligroin 
and  chloroform,  and  dissolves  in  ether  and  alcohol  with  more  or  less 
speedy  decomposition  according  to  the  temperature.  When  kept  for 
some  months,  the  compound  lost  its  transparency  and  was  then  found 
to  be  only  in  part  soluble  in  benzene,  leaving  a  white  powder  which 
appears  to  be  a  molecular  modification  of  the  dibromoimide. 

The  examination  of  the  action  of  bromine  on  the  dibromoimide  in 
benzene  solution  was  now  proceeded  with.  At  the  outset  I  rather 
expected  that  an  additive  compound  would  be  formed,  analogous  to 
that  produced  when  bromine  acts  on  the  solid  di-imide,  but  the  actual 
change  effected  was  wholly  different  in  character. 

(iii)  The  third  stage,  in  which  another  molecule  of  bromine  acts  on 
the  disubstituted  di-imide,  is  to  some  extent  conditioned  by  the 
dilution  of  the  benzene  solution  in  which  the  interaction  takes  place  ; 
but  the  chief  change  involves  the  removal  of  a  third  aniline  residue 
from  the  original  compound. 

Silicophenylamide  (39-6  grams)  in  200  c.c.  of  benzene  was  treated 
as  before  with  bromine,  but  32  grams  were  used  so  as  to  produce  the 
dibromoimide  at  one  operation.  The  double  precipitate  of  aniline  hydro- 
bromide  was  filtered  off,  well  washed  with  benzene,  and  pressed.  The 
excess  of  benzene  was  distilled  off  from  the  filtrate  and  washings  until 
the  volume  remaining  was  about  240  c.c.  ;  to  this,  when  cold,  16  grams 
of  bromine  were  added  diluted  with  100  c.c.  of  benzene.  The  addition 
of  the  first  portions  of  the  halogen  solution  did  not  cause  the  separation 
of  solid  matter,  although  the  colour  disappeared  ;  but  soon  a  precipi- 
tate formed  and  continued  to  do  so  until  all  the  bromine  had  been  added. 
At  the  end,  the  mixture  was  coloured  by  free  bromine,  but  this  disap- 
peared in  about  an  hour  and  the  whole  was  then  filtered. 

The  precipitate  was  of  a  pale  cream  colour,  and  was  much  more 
difficult  to  wash  than  the  aniline  hydrobromide ;  moreover,  it  was 
quite  appreciably  soluble  in  benzene,  therefore  a  portion  was  necessarily 
retained  in  solution.  The  weight  of  precipitate  obtained  at  this  stage 
nevertheless  amounted  to  19  grams  when  dry,  and  it  contained  0*275 
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gram  of  silicon,  partly  due  to  the  production  of  a  small  amount  of  ^ 
compound  which  will  be  noticed  later  on.  It  is  evident  that  bromine 
did  not  form  an  additive  compound  ;  on  the  contrary,  it  removed  one 
of  the  two  bromoaniline  groups  in  the  form  of  a  dibromoaniline  or  its 
equivalent.  If  the  precipitate  of  the  latter  were  quite  insoluble  in 
benzene,  25  gi-ams  should  have  sepai-ated  out,  and  quite  three-fourths 
were  actually  obtained,  the  rest  being  dissolved  in  the  benzene  along 
with  the  silicon  compounds  formed  during  the  interaction  and  any 
aniline  hydrobromide  not  precipitated  in  the  previous  treatment. 

The  solution  and  washings  were  distilled  down  to  a  small  volume 
and  ultimately  all  benzene  was  removed  and  the  residue  heated  to  100° 
in  a  good  vacuum  for  an  hour — the  temperature  being  raised  at  the  end 
to  120°  for  ten  minutes  moi-e.  The  residue  obtained  in  this  way  was 
a  dark,  very  viscid  liquid,  but  when  cold  it  became  a  vitreous  solid, 
much  harder  than  the  dibromoimide,  but  still  slightly  plastic,  although 
sufficiently  hard  to  admit  of  being  rather  finely  powdered.  The 
total  weight  of  this  substance  was  32 "5  grams. 

The  benzene  distillates  were  carefully  examined  for  silicon  com- 
pounds, but  faint  traces  only  were  found ;  therefore  all  the  silicon  nob 
carried  down  in  the  precipitates  must  be  present  in  this  residue,  that  is, 
2  "2 15  grams  of  silicon. 

On  standing  for  about  a  month  the  fragments  of  this  vitreous 
substance  were  found  to  be  coated  with  a  distinct  efflorescence  of 
small  crystals,  and  when  the  mass  was  broken  up  crystals  were  found 
to  be  embedded  in  a  non-crystalline  magma.  Under  the  microscope 
the  appearance  was  similar  to  that  presented  by  a  section  of  a 
partially  crystalline  volcanic  rock.  Many  attempts  were  made  to 
separate  the  crystalline  from  the  non-crystalline  constituents,  but  the 
only  one  which  has  so  far  given  fairly  satisfactory  results  is  the 
following  :  5  grams  of  the  material  were  treated  with  about  30  c.c< 
of  pure  ether  at  a  temperature  not  exceeding  5° ;  the  crystals  re- 
mained and  were  washed  with  ether,  whilst  the  .latter  dissolved  the 
non-crystalline  substance.  The  crystalline  matter  so  separated  weighed 
1"52  grams  and  consisted  of, bromoaniline  hydrobromide,  dibi'omoaniline, 
and  some  aniline  hydrobromide  remaining  in  solution  from  the 
previous  treatment  of  the  tetramide.  This  mixture  aiiorded  only 
0'44  per  cent,  of  silica,  hence  practically  all  the  silicon  is  present  in  the 
substance  dissolved  by  ether. 

The  ethereal  solution  slowly  decomposes  even  at  5°,  and  rapidly  at  the 
ordinary  temperature,  a  brown  precipitate  gradually  separates,  which 
appears  to  consist  of  a  bromoaniline  derivative,  and  ethyl  silicates 
remain  and  can  be  obtained  on  evaporation. 

The  results  recorded  above  lead  to  the  conclusion  that  the  32 "5 
grams  of  material  obtained  from  the  benzene  solution  include  9*88 
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grams  of  the  substituted  bromoanilines  and  salts  and  22 -62  grams  of 
a  substance  containing  9*79  per  cent,  of  silicon;  SiNCgHgBrg  requires 
Si  =10-10  percent. 

Again,  2'215  grams  of  silicon  can  theoretically  afford  21-91  grams 
of  the  above  compound  and  22-62  grams  were  obtained,  whilst  the 
sum  of  materials  used  and  of  products  obtained  were  practically 
identical. 

The  general  conclusion  then  is  that  silicotetraphenylamide,  when 
suitably  treated  in  benzene  solution  with  six  atomic  proportions  of 
bromine,  loses  three  of  its  aniline  residues  and  affords  a  compound 
which  is  the  silicon  analogue  of  an  isocyanide  or  f^^onitrile,  SiNX 
representing  ONX. 

The  nitrile,  when  purified  as  far  as  I  have  yet  found  possible, 
is  a  somewhat  dark  brown  solid  which  becomes  pasty  on  heating  and 
is  quite  liquid  at  60°.  It  is  soluble  in  benzene,  to  a  small  extent  in 
ligroin,  and  its  action  with  ether  has  been  described  above.  Alcohol 
quickly  dissolves  it  with  decomposition,  and  it  is  attacked  by  water  so 
easily  that  its  benzene  solution  must  be  filtered  under  conditions 
which  exclude  moisture  in  the  air.  I  hope  to  give  the  results  of  the 
more  detailed  examination  of  this  substance  later  on. 

In  the  course  of  an  earlier  experiment  than  that  described  above, 
and  in  which  the  dilution  with  benzene  was  much  less,  the  benzene 
filtrate  deposited,  on  standing,  a  small  quantity  of  a  crystalline 
substance  which  contained  6-16  per  cent,  of  silicon. 

Si'^j^.p'^TT^p  "^  requires  Si  =  6-27  per  cent. 

This  is  only  slightly  soluble  in  benzene  and  is  probably  the  form  in 
which  a  little  silicon  is  carried  down  in  the  third  precipitate.  The 
solution  contained  hydrobromic  acid  in  small  but  sensible  amount, 
that  acid  being  a  necessary  product  of  the  action  which  leads  to  the 
formation  of  the  above  substance.  It  may  be  that  a  little  of  a  further 

product  of  substitution,  Si<tT'n  5^2''^  is  also  formed,  but  the  amount 

must  be  very  small. 

The  continued  action  of  bromine  on  the  nitrile  leads  to  its  general 
decomposition,  some  silicon  tetrabromide,  hydrobromic  acid,  and 
mixtures  of  tribromoaniline  and  still  more  highly  substituted  anilines 
resulting. 

The  writer  desires  to  acknowledge  gratefully  the  facilities  afforded 
him  for  this  work  in  the  fine  laboratory  which  Dr.  Mond  has  so 
generously  provided  as  a  memorial  to  Davy  and  Faraday. 

The  Davy-Faraday  Research  Laboratory, 
Albemarle  Street,  London,  W. 
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CLXXXI. — Condensation   oj    Ketones    ivith   Mercury 

Cycmide. 
By  James  Ernest  Marsh  and  Robert  de  Jersey  Fleming  Struthers. 

The  condensation  of  mercury  compounds  with  ketones  was  first 
described  by  Prof.  Emerson  Reynolds  (Proc.  Roy.  Soc,  1871,  19, 
431).  Since  this  date,  many  chemists  have  experimented  on  the  con- 
densation of  mercury  salts  with  ketones  and  other  organic  compounds. 
Our  attention  was  first  drawn  to  this  class  of  substances  in  studying 
the  reactions  of  mercury  cyanide  with  sodium  ethoxide  in  excess  of 
alcohol  {Proc.  Chem.  Soc,  1902,  18,  249).  We  found  that,  when 
heated,  the  mercury  cyanide  was  reduced,  but  that  in  the  cold  a  white 
insoluble  precipitate  was  obtained.  In  the  first  instance,  we  employed 
for  the  reaction  methylated  spirit,  but  on  repeating  the  experiment 
and  using  absolute  alcohol  we  obtained  no  precipitate,  although  it  at 
once  appeared  when  a  little  methylated  spirit  was  added  to  the 
mixture.  With  a  strong  solution  of  sodium  ethoxide  in  absolute 
alcohol,  mercury  cyanide  does  give  a  precipitate,  which,  however,  is 
different  from  that  obtained  with  methylated  spirit,  since  it  is  soluble 
in  excess  or  on  warming,  whereas  the  latter  is  quite  insoluble  in 
"Water  or  alcohol.  Pure  methyl  alcohol  'gives  no  precipitate  when 
added  to  the  ;  solution  of  sodium  ethoxide  and  mercury  cyanide 
in  absolute  alcohol.  Nor  does  sodium  methoxide  give  any  precipitate 
with  a  solution  of  mercury  cyanide  in  methyl  alcohol,  except 
that  in  strong  solutions,  as  in  the  case  of  ethyl  alcohol,  a  precipitate 
occurs  which  is  also  dissolved  on  warming.  We  have  not  further 
examined  these  soluble  precipitates,  which  seem  to  be  compounds  of 
mercuiy  cyanide  with  sodium  ethoxide  and  methoxide  respectively. 

Solubility  of  Mercury  Cyanide  in  Methyl  Alcohol. 

We  find  methyl  alcohol  to  be  the  best  solvent  of  mercury  cyanide, 
1  part  of  the  cyanide  dissolving  in  2-5  parts  by  weight  of  this 
alcohol  at  14°.  The  solubility  of  mercui-y  cyanide  in  water  is  given 
as  1  part  in  8  at  15°,  and  for  ethyl  alcohol  as  1  part  in  20. 

Action  of  Acetone  on  an  Alkaline  Solution  of  Mercury  Cyanide. 

Since  neither  sodium  methoxide  nor  the  ethoxide  gave  an  insoluble 
precipitate  with  mercury  cyanide,  we  concluded  that  the  precipitate 
produced  by  methylated  spirit  was  due  to  the  acetone  contained  in  the 
spirit.  At  first,  however,  this  view  seemed  to  be  incorrect,  since  on 
adding  acetone  to  the  mixture  in  absolute  alcohol  no  precipitate  was 
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obtained.  On  further  investigation,  however,  we  found  that  a  precipi- 
tate is  produced  when  only  a  very  small  quantity  of  acetone  is  added. 
This  precipitate  is  soluble  on  further  addition  of  acetone  and  is  not 
given  at  all  if  excess  of  acetone  is  employed. 

In  order  to  prepare  the  compound,  11  grams  of  mercury  cyanide 
were  dissolved  in  120  c.c.  of  alcohol  or  in  30  c.c.  of  methyl  alcohol. 
To  this  was  added  a  solution  of  1"5  grams  of  sodium  in  40  c.c.  of  alcohol. 
After  twenty-four  hours,  a  slight  black  precipitate  was  filtered  off  and 
1-25  grams  of  acetone  added  to  the  clear  solution,  A  dense  white 
precipitate  was  formed  which,  after  settling,  was  filtered  off  and  well 
washed  with  water  until  the  washings  no  longer  showed  the  presence  of 
mercury  cyanide.  The  yield,  if  the  above  proportions  are  used,  is 
about  three  times  the  weight  of  the  acetone  employed. 

We  next  found  that  the  precipitate  was  formed  by  acetone  in  an 
aqueous  solution  of  sodium  hydroxide  and  mercury  cyanide,  A  solu- 
tion of  mercury  cyanide  in  caustic  soda  or  in  alcoholic  sodium  ethoxide 
forms  a  delicate  test  for  small  quantities  of  acetone  ;  0"0005  gram  of 
acetone  gives  a  precipitate  at  once  in  about  25  c.c.  of  solution.  The 
test  can,  of  course,  be  applied  to  acetone  in  presence  of  alcohol  when 
the  iodoform  test  is  inapplicable. 

Experiments  were  made  to  determine  the  proportions  which  gave  the 
best  result  in  10  per  cent,  aqueous  sodium  hydroxide.  With  1 
molecular  proportion  of  acetone  to  1  of  mercury  cyanide  or  less,  no 
precipitate  at  all  is  formed.  With  1  molecule  of  acetone  to  2 
molecules  of  mercury  cyanide,  a  slight  precipitate  is  formed.  With 
1  to  3,  the  yield  is  not  more  than  25  percent,  of  the  theoretical.  With 
1  to  5,  the  yield  was  50  per  cent.,  and  with  1  to  10,  80  percent,  of  the 
theoi-etical.  The  compound  has  the  composition  represented  by 
the  formula 


and  might  be  expected  to  be  formed  according  to  the  equation  : 
CgH.O  +  SHgCoN,  =  HggC.H.NoO  +  4HCN". 

Sodium  cyanide  is,  in  fact,  produced  according  to  the  above  equation. 
Only  3  molecules  of  mercury  cyanide  are  required  for  each  molecule 
of  acetone,  yet  with  these  proportions  the  yield  is  only  25  per  cent. 
The  smallness  of  the  yield  is  owing  to  the  'presence  of  the  alkali 
cyanide.  Wo  have  found  that  potassium  cyanide  dissolves  the  pre- 
cipitate, decomposing  it  and  liberating  acetone.  Thus,  the  sodium 
cyanide  formed  according  to  the  above  equation  would  tend  to  decom- 
pose the  precipitate.  This  action  of  the  sodium  cyanide  is  overcome 
by  taking  a  very  large  excess  of  mercury  cyanide. 

The  compound  is  a  perfectly  white,  insoluble  powder ;  when  dried 
in  the  air  at  the  ordinary  temperature,  it  retains  6  to  7  per  cent,  of 

()  H  2 
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water,  and  over  sulphuric  acid  it  still  holds  a  little  water,  less  than 
1  per  cent.,  which  it  loses  at  120°  and  suffers  no  further  loss  up  to 
150°.  When  strongly  heated,  it  chars  and  swells  up,  like  mercuric 
thiocyanate.  When  the  dried  substance  is  exposed  to  air,  it  rapidly 
takes  up  water,  and  after  prolonged  exposure  gains  nearly  one  mole- 
cular proportion.  Absorption  of  water  :  found  2-2  ;  calculated 
2 '5  per  cent. 

The  compound  has  no  basic  properties  and  does  not  form  salts  with 
acids.  When  exposed  to  the  vapour  of  acetic  acid,  it  gains  in  weight 
to  nearly  2  per  cent.,  and  acquires  the  odour  of  acetic  acid.  For  the 
formation  of  a  salt  with  one  molecule  of  acetic  acid,  a  gain  of  7  per 
cent,  is  required.  When  removed  from  the  atmosphere  of  acetic  acid 
and  placed  over  sulphuric  acid  and  caustic  potash,  the  substance 
recovers  its  original  weight.  Strong  sulphuric  acid  attacks  it  slowly 
when  warmed,  forming  a  soluble  compound  which  we  are  further 
examining. 

Dilute  hydrochloric  acid  dissolves  the  compound,  decomposing  it 
and  giving  acetone  and  hydrocyanic  acid  ;  the  latter  product  contains 
the  whole  of  the  nitrogen,  and  its  amount  was  determined  by  distilling 
into  a  solution  of  silver  nitrate  and  weighing  the  silver  cyanide 
formed.  The  amount  of  cyanogen  in  the  substance,  as  made  with 
alcoholic  sodium  ethoxide,  was  (1)  7*05,  and  (2)  7 '48,  the  calculated 
value  being  7 '36  per  cent.  Thus,  there  are  two  cyanogen  groups  in 
the  molecule,  which  is  expressed  by  the  formula  Hg3C3H20(CN)2. 

The  decomposition  by  hydrochloric  acid  may  be  represented  aa 
follows : 

HggCaH.OaN.  +  6H01  =  3HgClo  +  OgHgO  +  2HCN. 

The  presence  of  the  mercuric  salt  is  shown  by  the  yellow  precipitate 
given  by  addition  of  caustic  alkali  to  the  residue  after  distilling  off 
the  hydrogen  cyanide. 

The  mercury  in  the  compound  was  estimated  both  by  distillation 
with  lime  and  also  by  electrolysis  in  a  platinum  dish  in  presence  of 
dilute  sulphuric  acid.  The  latter  method  is  a  convenient  one  for 
determining  the  mercury.  Acetone  and  hydrogen  cyanide  are  given 
off ;  at  first  some  of  the  mercury  goes  into  solution,  but  it  is  com- 
pletely deposited  when  all  the  latter  product  has  been  evolved. 

In  the  compound  prepared  with  sodium  ethoxide,  electrolysis  gave 
Hg  =  84'5,  and  a  combustion  gave  Hg  =  85*0  per  cent. 

In  the  compound  prepared  with  aqueous  caustic  soda,  electrolysis 
gave  Hg  =  84'5  per  cent.,  the  calculated  value  being  85'0. 

The  carbon  and  hydrogen  were  estimated  by  combustion,  using 
spirals  of  copper  and  silver  gauze:  found  C  =  8*1;  H  =  0"37;  calcu- 
lated 0=8-5;  H=0-28  per  cent, 


KETONES   WITH   MERCURY   CYANIDE.  1881 

The    nitrogen   was   estimated    by    combustion    with  copper  oxide  : 
found  3-6  ;  calculated  3'9  per  cent. 

The  constitution  of  the  acetone  compound  may  be  expre.ssed  bv  the 
formula 

,CH-Hg-CN 


h/co 


\CH-Hg-CN 

or  possibly  as  a  kind  of  double  salt  having  the  formula 
CH:Hg-CO-CH:Hg,HgC2N2. 
Potassium  ethoxide  and  caustic  potash  can  be  used  instead  of  the 
sodium  compounds,  but   neither  sodium  carbonate  nor  ammonia  has 
any  apparent  action. 

Action  of  Acetophenone  on  an  Alkaline  Solution  of  Mercury  Cyanide. 

Acetophenone  gives  an  insoluble  precipitate  with  an  aqueous  solu- 
tion of  mercury  cyanide  and  sodium  hydroxide.  The  compound  is 
a  light  yellow,  insoluble  powder.  It  is  with  difficulty  wetted  by  water, 
and  floats  on  the  surface,  like  lycopodium.  When  air-dried,  it  retains 
about  3  per  cent,  of  water,  and  the  dried  substance  takes  up  water  on 
exposure  to  air  to  the  amouat  of  nearly  1  per  cent.  Like  the  acetone 
compound,  it  is  decomposed  by  potassium  cyanide  and  by  hydrochloric 
acid.  The  cyanogen  was  estimated  by  distillation  with  dilute  hydro- 
chloric acid  into  a  solution  of  silver  nitrate  ;  found  01^  =  4*4  ;  calcu- 
lated 4-4  per  cent. 

In  order  to  make  sure  that  none  of  the  hydrogen  cyanide  had  com- 
bined with  the  liberated  acetophenone  to  form  the  atrolactic  nitrile,  a 
control  was  carried  out ;  a  known  weight  of  mercury  cyanide  was 
distilled  with  dilute  hydrochloric  acid  in  presence  of  excess  of  aceto- 
phenone, and  the  distillate  collected  in  silver  nitrate  solution  :  found 
CN  =  20"4,  the  calculated  value  being  20"6  per  cent. 

The  mercury  could  not  be  determined  so  readily  by  electrolysis  as 
in  the  case  of  the  acetone  compound.  It  was  estimated  by  distillation 
with  lime  :  found  Hg  =  65-9,  the  calculated  value  being  66'3  per  cent. 

Carbon,  hydrogen,  and  nitrogen  were  determined  by  combustion  with 
oxide  of  copper:  found  C  =  25-5;  H=r6;  N  =  2-5;  calculated 
C  =  25-8  ;  H  =  1  -4  ;  N  =  2  3  per  cent. 

These  results  give  the  synoptic  formula  CogH^gOgNoHg^,  or,  taking 
the  CN  groups  separately,  as  Hg4GotHj803(ON)2.  Thus,  the  compound 
may  be  represented  as  being  formed  by  condensation  of  4  molecules 
mercury  cyanide  with  3  molecules  of  acetophenone  with  elimina- 
tion of  G  molecules  of  hydrogen  cyanide  : 

6HCN. 
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The   constitution    of  the  compound    seems  best   expressed  by  the 

formula 

CN-Hg-CH-Hg-CH-Hg-CH-Hg-ON 

CO      do       CO 

C,H,     C,H,       6,H, 

or  more  simply  as  the  double  salt,  3(CgH5*CO*CHlHg),HgC2N2. 

The  alkaline  solution  of  mei-cury  cyanide  also  gives  compounds  in 
the  case  of  certain  other  ketones  and  analogous  substances.  Thus, 
precipitates  are  obtained  with  diphenyl  methyl  ketone, 

CeHs'CoH.-CO-CHg, 
with  ethyl  acetoacetate,  malonate,  and  2S0Succinate.  Precipitates,  how- 
ever, were  neither  obtained  with  diethyl  ketone,  with  benzophenone,  nor 
with  ring  ketones  such  as  menthone  and  camphor.  The  reaction,  so 
far  as  we  have  studied  it,  appears  to  be  confined  to  ketones  having 
the  group  -CO'CHg.  The  compounds  obtained  with  ethyl  malonate 
and  isosuccinate  appear  to  be  of  a  different  nature  from  the  i-est,  but 
we  have  not  completed  their  examination. 

In  the  case  of  aldehydes,  thei'e  is  in  general  a  reduction  to  metallic 
mercury  in  the  cold,  the  aldehydes  being  oxidised  to  the  corresponding 
acids.  Thus,  in  this  way,  practically  quantitative  yields  of  benzoic 
and  anisic  acids  have  been  obtained  from  the  respective  aldehydes. 
The  mercury  separates  readily  in  large  globules.  The  reaction  might 
find  a  useful  application.  The  presence  of  alkali  cyanide  prevents  the 
action. 

IJNivERsrrY  Laboratory, 
Oxford. 
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o-Benzoic  Sulphinide. 

By  Frederick  Daniel  Chattaway. 

In  continuation  of  the  author's  work  on  the  nitrogen  halogen  deriv- 
atives of  the  sulphonamides,  the  action  of  chlorine  on  o-benzoic 
sulphinide  (saccharin)  has  been  investigated,  as  this  affords  an 
interesting  study  of  the  behaviour  of  compounds  of  this  type. 

When  chlorine  is  passed  into  an  aqueous  solution  of  the  sodium 
derivative,  the  so-called  soluble  saccharin,  the  nitrogen  halogen  deriv- 
ative at  once  separates  as  a  white,  crystalline  powder ;  its  formation 
may  be  represented  thus  : 


.        l^^i^Na-fCl^   =    f    '^!So'>N(^CJ  =\        £g>NCl-fNa01. 
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This  compound,  o-benzoic  A''-cbloro5ulphinide,  x^eadily  dissolves  in 
solutions  of  caustic  alkalis,  becoming  thereby  at  once  hydrolysed,  a 
soluble  salt  of  a  chloroamido-acid  being  produced,  fromlwbich  the  acid 
itself  can  be  liberated  as  a  sparingly  soluble,  white,  crystalline  solid 
by  adding  the  equivalent  amount  of  a  mineral  acid. 


>^>NC1  +  2K0H  =  |      Jso(NCl)-OK^\     ISO3K  ^         +^2^- 


SOg^^'^'  ^  -.xvv^^-  - 1      ^iso(NCl)-OK 


From  its  mode  of  formation,  the  constitution  of  the  acid  might  be 
represented  by  either  of  the  formulae  CO^H'CgH^'SO^'NHCl  or 
SOgH'CeH^'CO'NHCl.  The  circumstance  that  no  compound  con- 
taining the  group  S02*NHC1  has  hitherto  been  isolated,  whilst  several 
compounds  containing  the  group  CO'NHCl  are  known,  is  an  argument 
in  favour  of  tbe  second  alternative,  whilst  the  fact  that  saccharin 
itself  yields  a  salt  of  o-benzoic  sulphonamide  when  heated  with  alkalis 
is  in  favour  of  the  first.  The  action  of  potassium  hydroxide  on  the 
acid,  however,  completely  determines  its  constitution,  for  when  heated 
with  a  solution  of  this  alkali  any  compound  having  the  formula 
RCO-NHCl  undergoes  the  well-known  Hofmann  transformation  into 
the  corresponding  amine,  RNHj,  whilst  the  salts  of  the  chlorosulphon- 
amides,  RSOg'lSTHCl,  are  not  transformed  by  similar  treatment,  but 
undergo  slow  hydrolysis  (Chattaway,  Trans.,  1905,  87,  446).  The 
acid  under  consideration,  when  heated  with  an  excess  of  aqueous 
potassium  hydroxide,  is  completely  hydrolysed ;  a  salt  of  o-sulphon- 
benzoic  acid  is  the  final  product,  no  trace  of  o-aminobenzenesulphonic 
acid  being  obtained,  hence  the  first  formula,  COgH'OgH^-SO^'NHCl, 
represents  the  structure  of  the  acid. 

o-Sulphonchloroamidobenzoic  acid,  CgH^(C02H)*S02*NHCl,  readily 
dissolves  in  the  equivalent  quantity  of  aqueous  potassium  hydroxide, 
and  on  passing  chlorine  in  excess  into  this  solution  the  second 
hydrogen  atom  of  the  amido-group  is  replaced  by  chlorine,  the  acid, 
Cj.H4(C02H)*S02'NCl2,  being  deposited  as  a  white,  crystalline  powder 
on  adding  the  equivalent  quantity  of  dilute  mineral  acid.  The  actions 
which  take  place  are  probably  represented  by  the  equation  : 


CO2K  _  /  \CO,K  _  /  \CO2K 

S0(NCl)-0K-f-Cl2  ~  [      JS0(NC13)-0K  ~  I       IS02-NC12+    ^• 

This  acid,  o-sulphondichloroamidobenzoic  acid,  dissolves  readily  in 
dilute  potassium  hydroxide,  forming  a  soluble  salt  which,  on  boiling 
with  excess  of  the  alkali,  is  hydrolysed  with  liberation  of  nitrogen  and 
of  nitrogen  chloride,  the  latter  being  probably  formed  by  a  secondary 
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decomposition  of  the  unstable  compound,  HNOlg,  formed  as  the  first 
product,  thus  : 

CO,K-OgH4-S02-NCl,  +  KOH  =  CO^K-C.H.-SOgK  +  HNCI2 ; 
3HNCI2  =  3HC1  +  K2  +  NCI3. 

This  is  the  fii'st  instance  in  which  nitrogen  chloride  itself  has  been 
liberated  in  the  hydrolysis  of  a  substituted  nitrogen  chloride,  the 
halogen  as  a  rule  being  removed  as  hypochlorite  and  the  amid© 
regenerated. 

These  reactions  account  for  the  confusing  behaviour  of  a  solution  of 
saccharin  in  caustic  alkali  when  treated  with  chlorine.  The  sparingly 
soluble  o-benzoic  iV-chlorosulphinide  may  be  precipitated,  or  the 
solution  may  remain  clear,  according  as  an  equivalent  quantity  of 
alkali  or  an  excess  has  been  used  ;  in  the  latter  case,  on  the  addition 
of  a  mineral  acid,  a  precipitate  is  produced  which  may  consist  of 
o  suiphonchloroamidobenzoic  acid  or  o-sulphondichloroamidobenzoic 
acid,  or  a  mixture  of  the  two  in  any  proportion,  this  depending  on  the 
amount  of  chlorine  which  has  been  introduced. 

The  corresponding  bromine  derivatives  have  not  up  to  the  present 
been  obtained. 


o-Benzoic    'N-Chlorosulphinide,  \        L^  ~^NC1  . 
\/S02 

This  compound  is  j^roduced  when  a  rapid  stream  of  chlorine  is; 
passed  into  a  well-cooled  aqueous  solution  of  the  sodium  derivative  of 
saccharin.  A  five  or  six  per  cent,  solution  is  a  convenient  strength, 
and  not  more  than  5  grams  should  be  treated  in  one  operation.  The 
yield  in  a  carefully  conducted  experiment  is  nearly  theoretical,  but  if 
larger  quantities  are  used  or  if  the  temperature  is  allowed  to  rise  it 
diminishes  rapidly.  As  action  proceeds,  the  nitrogen  chloride  separ- 
ates as  a  white,  crystalline  powder,  which  can  be  collected,  washed 
with  a  little  water,  and  rapidly  dried,  first  on  a  porous  plate  and  finally, 
under  diminished  pressure,  over  phosphoric  oxide.  It  is  moderately 
soluble  in  acetic  acid  or  in  chloroform,  from  either  of  which  it  crystal- 
lises extremely  well  in  long,  colourless,  six-sided,  slightly  flattened 
prisms  with  domed  ends.  It  melts  at  152°  and  can  be  heated  to  260° 
without  appreciable  decomposition,  the  heated  liquid  solidifying  on 
cooling  and  melting  again  at  the  original  melting  point.  Heated  above 
260°,  the  compound  slowly  decomposes,  evolving  a  gas  which  liberates 
iodine  from  potassium  iodide  and  probably  contains  free  chlorine  ;  the 
evolution  of  gas  becomes  rapid  at  about  300 — 310°.  It  was  analysed 
by  the  method  invariably  adopted  in  the  analysis  of  nitrogen  halogen 
derivatives,  namely,  by  dissolving  a  weighed  amount  in  acetic  acid, 
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adding  excess  of  a   solution  of    potassium  iodide,    and    titrating  the 
liberated  iodine  with  standard  sodium  thiosulphate. 

0-3988  liberated  1  =  36-6  c.c.  iVVlO  I.     CI  as  NCI  =  16-27. 
C7HP3NCIS  requires  CI  as  NCI  =  16-29  per  cent. 

The  sweet  taste  characteristic  of  saccharin  is  not  possessed  by 
this  derivative,  which  has  a  taste  resembling  that  of  a  hypochlorite  ; 
the  faint  sweetness  which  slowly  develops  being  due  to  slight  hydro- 
lysis, this  very  slowly  leading  to  the  formation  of  saccharin.  The  new 
compound  has  a  peculiar  odour,  somewhat  resembling  that  of  chloral 
hydrate.  It  dissolves  readily  in  aqueous  caustic  alkalis,  and  some- 
what more  slowly  in  solutions  of  alkali  carbonates  and  bicarbonates 
with  evolution  of  carbon  dioxide  ;  on  dissolving  thus,  it  becomes  at 
once  hydrolysed  even  at  the  ordinary  temperatvire,  a  salt  of  o-sulphon- 
chloroamidobenzoic  acid  being  produced. 


o-Sulphonchlo7'oamidobenzoic   Acid,    \        Iso^-NHCl 


The  compound  is  best  prepared  by  dissolving  o-benzoic  iV-chloro- 
sulphinide  (1  mol.)in  a  10  per  cent,  solution  of  potassium  hydroxide  (2 
mols.),  cooling  the  liquid,  which  becomes  warm  during  the  action,  and 
adding  cautiously  a  quantity  of  cooled  dilute  hydrochloric  or  sulphuric 
acid  equivalent  to  the  alkali  used.  The  acid  is  precipitated  as  a  white, 
cry.stalline  solid,  which  can  be  filtered  off,  washed  well  with  a  little 
water,  and  dried  as  before,  first  on  a  porous  plate  and  finally,  under 
diminished  pressure,  over  phosphoric  oxide.  The  acid,  which  is 
sparingly  soluble  in  boiling  chloroform,  readily  dissolves  in  warm 
glacial  acetic  acid  and  well  crystallises  from  either  solvent  in  small, 
colourless  rhombs.  It  melts  with  decomposition  at  156  —  157°,  this 
change  being  accompanied  by  sharp  crackling  explosions  and  evolution 
of  a  gas  containing  chlorine.  It  has  a  sharp  acid  taste,  accompanied 
also  by  the  peculiar  taste  of  hypochlorous  acid,  and  first  reddens  and 
then  rapidly  bleaches  moistened  blue  litmus  paper.  It  dissolves  easily 
in  solutions  of  alkalis  and  of  alkali  carbonates,  decomposing  the 
latter  with  effervescence  and  forming  salts  which,  however,  are  so 
soluble  and  easily  hydrolysed  that  they  have  not  been  satisfactorily 
isolated. 

0-3362  liberated  28-6  c.c.  i\^/10  I.     CI  as  NCI  =  15-08. 

C-HgO^NClS  requires  CI  as  NCI  =  15-04  per  cent. 

When  the  acid  is  dissolved  in  excess  of  aqueous  potassium  hydroxide 
and  the   liquid  is  heated,   nitrogen  and   ammonia  are  liberated  and  a 
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salt  of  o-sulphoubenzoic  acid   is  produced,  probably  in  the  following 
manner : 

C02K-CgH4-SO(NCl)-OK  +  H.,0  =  COoK-C^H.-SOgK  +  NH^Cl ; 
3NH._3C1  +  3K0H  =  N^  +  3KC1  +  NH3  +  SH^O. 


iCO^H 


o  Sulphondichloromnidoheiizoic   Acid, 


This  compound  is  precipitated  as  a  white,  crystalline  solid  when 
dilute  mineral  acids  are  cautiously  added  to  well-cooled  solutions  of 
the  preceding  compound  in  caustic  alkalis  which  have  been  thoroughly 
saturated  with  chlorine. 

It  can  be  prepared  easily  and  in  nearly  theoretical  amount  directly 
from  saccharin.  This  is  best  dissolved  in  the  calculated  quantity  of  a 
ten  per  cent,  solution  of  potassium  hydroxide  and  chlorine  passed  into 
the  well-cooled  solution  until  no  further  precipitation  of  o-benzoic 
i\^-chlorosulphinide  takes  place.  A  similar  solution  of  potassium 
hydroxide  in  known  amount  is  then  added  until  the  solid  has  com- 
pletely dissolved  and  chlorine  is  again  passed  to  saturation,  keeping  the 
liquid  at  or  below  0°  in  a  freezing  mixture.  On  adding  cooled  dilute 
sulphuric  or  hydrochloric  acid  in  quantity  equivalent  to  the  alkali 
used,  the  dichloroamido-acid  separates  as  a  very  sparingly  soluble, 
white,  crystalline  powder,  or  as  a  pale  yellow  oil  which  immediately 
solidifies.  This  product,  which  can  be  collected,  washed  with  a  little 
water,  and  dried,  first  on  a  porous  plate  and  finally,  under  diminished 
pressure,  over  phosphoric  oxide,  is  practically  pure ;  it  can  be 
crystallised  from  warm  chloroform,  in  which  it  is  sparingly  soluble  and 
from  which  it  separates  in  clusters  of  small,  transparent,  four-sided 
plates,  which,  when  dry,  form  a  crystalline  powder,  apparently  colour- 
less, but  having  really  a  faint  greenish-yellow  colour,  which  is  noticed 
when  it  is  seen  in  quantity.  Its  solution,  both  in  chloroform  and  glacial 
acetic  acid,  is  pale  yellow.  It  has  an  acid  and  strongly  chlorous  taste 
and  momentai'ily  reddens  and  then  bleaches  moistened  blue  litmus  paper. 
When  heated,  it  softens  at  about  142 — 143°  and  melts  with 
decomposition  and  evolution  of  gas,  accompanied  by  sharp  crackling 
explosions,  at  14G — 148°;  chlorine  is  present  in  quantity  in  the  gas, 
which  is  abundantly  evolved.  The  explosions,  like  those  which  take 
place  when  the  monochloroamido-acid  melts,  recall  the  sharp  detona- 
tions of  nitrogen  chloride  and  are  probably  produced  by  the  decomposi- 
tion of  the  vapour  of  this  substance,  which  is  set  free  under  these 
conditions.  A  similar,  but  extremely  slow,  decomposition  appears  to 
take  place  to  a  slight  extent  even  when   the  compound  is  kept   in  a 
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desiccator  over  phosphoric  oxide  at  the  ordinary  temperature^  as  the 
characteristic  smell  of  nitrogen  chloride  slowly  becomes  perceptible. 

O'leSS  liberated  1  =  25  c.c.  iV^/10  I.     CI  as  NCI  =  26-25. 

C^HjO^NClgS  requires  CI  as  NCI  =  26-25  per  cent. 

It  dissolves  at  once  in  solutions  of  alkali  hydroxides  and  in  alkali 
carbonates  with  liberation  of  carbon  dioxide.  It  also  dissolves  slightly 
in  water,  forming  a  liquid  Avhich  i-apidly  bleaches  a  solution  of 
litmus. 

This  compound  differs  from  other  dichlorosiilphonamides,  which 
dissolve  in  alkalis  to  form  stable  salts  of  the  monochlorosulphon- 
amides,  in  being  very  readily  hydrolysed  with  liberation  of  nitrogen 
chloride  itself.  When  it  is  added  to  a  ten  per  cent,  solution  of 
potassium  hydroxide,  it  readily  dissolves,  and  if  the  solution  be  boiled 
nitrogen  is  copiously  liberated  and  the  vapour  of  nitrogen  chloride  is 
given  off  with  the  issuing  steam,  so  that  no  explosion  results.  When 
all  evolution  of  nitrogen  ceases,  the  liquid  contains  only  the  excess  of 
alkali  used  and  the  potassium  salt  of  o-sulphonbenzoic  acid.  This 
acid  was  isolated  and  identified  by  its  properties,  composition,  and 
conversion  into  salicylic  acid  by  fusion  with  potassium  hydroxide. 
No  formation  of  o-aminobenzoic  acid  was  observed,  proving  that  in 
the  original  compound  the  NCI2  group  is  attached  to  the  SOg  and 
not  to  the  CO  group. 

If  the  acid  is  added  in  some  quantity  to  a  30  per  cent,  solution  of 
potassium  hydroxide  and  the  liquid  is  heated,  the  vapour  of  nitrogen 
chloride  which  is  evolved  explodes  violently  and  the  same  occurs 
when  it  is  added  to  warm  strong  sulphuric  acid. 

The  author's  thanks  are  due  to  the  Government  Grant  Committee  of 
the  Royal  Society  for  a  grant  in  aid  of  the  work  described  in  this 
paper,  and  to  A.  Gordon  Salamon,  Esq.,  for  the  gift  of  a  quantity  of 
pure  saccharin  and  of  its  sodium  derivative. 

St.  Bartholomew's  Ho.spital  and  College, 
E.G.' 


1888  LE   SUEUR:   THE    ACTION   OF   HEAT   ON 


CLXXXIIL— TAe  Action  of  Heat  on  a-Hydroxycarhoxylic 
Acids.       Part      II.       a-Hydroxymargaric      Acid, 
a-Hydroxyjyalmitic     Acid,    a-IIydroxy2')entadecylic 
Acid,   and  a-Hydroxymyristic  Acid. 
Bj  Henry  Rondel  Le  Sueur. 

In  Part  I  of  this  investigation  of  the  action  of  heat  on  a-hydroxy- 
carboxylic  acids  (Trans.,  1904,  85,  827),  it  was  shown  that  when 
a-hydroxystearic  acid  is  heated  at  270°  it  decomposes  into  carbon 
monoxide,  water,  formic  acid,  margai-ic  aldehyde,  and  the  lactide  of 
a-hydroxystearic  acid,  the  yield  of  aldehyde  being  52  per  cent,  of  that 
theoretically  obtainable.  It  was  then  suggested  that  in  all  probability 
the  a-hydroxy-derivatives  of  the  other  higher  fatty  acids  would  undergo 
a  similar  decomposition  when  heated  at  a  similar  temperature.  This 
is  now  shown  to  be  the  case  for  the  a-hydroxy-derivatives  of  margaric, 
palmitic,  pentadecylic,  and  myristic  acids,  the  yield  of  aldehyde  being, 
however,  somewhat  less  than  in  the  case  of  a-hydroxystearic  acid,  but 
never  less  than  35  per  cent.  The  a-hydroxy-derivatives  are  readily 
prepared  by  the  action  of  an  aqueous  solution  of  potassium  hydroxide 
on  the  a-bromo-acids,  the  latter  substances  being  obtained  by  the 
action  of  bromine  and  phosphorus  on  the  acids  themselves  (p.  1895); 
if  the  acid  used  as  the  starting  point  is  quite  pure,  the  yield  obtained 
is  practically  quantitative. 

The  higher  aldehydes  are  white  solids  which  are  odourless  Avhen 
cold,  but  evolve  a  paraffin-like  odour  when  heated.  They  dissolve  in 
all  the  ordinary  organic  solvents,  readily  reduce  potassium  perman- 
ganate, form  oximes,  semicarbazones,  hydroxycyanides,  and  other 
derivatives  characteristic  of  aldehydes.  They  polymerise  somewhat 
readily  on  keeping,  and  the  resulting  polymerides  are  trimolecular,  as 
was  shown  by  the  determination  of  their  molecular  weights  by  the 
freezing-point  method.  These  polymerides  are  insoluble  in  cold  ether  ; 
they  neither  form  oximes,  semicarbazones,  &c.,  nor  reduce  potassium 
permanganate  even  on  boiling,  and  when  slowly  distilled  under  reduced 
pressure  they  are  quantitatively  reconverted  into  the  corresponding 
aldehyde. 

In  1880,  Krafft  {Ber.,  1880,  13,  1413)  published  a  paper  dealing 
with  the  preparation  of  the  higher  aliphatic  aldehydes  which  he 
obtained  by  the  distillation  under  reduced  pressure  of  a  mixture  of 
the  barium  salt  of  the  fatty  acid  with  barium  formate.  By  this 
method  he  prepared  the  aldehydes  corresponding  to  the  acids  con- 
taining an  even  number  of  carbon  atoms,  that  is,  stearic  aldehyde 
(m.  p.  63-5°),  palmitic  aldehyde  (m.  p.  58'5°),  myristic  aldehyde  (m.  p. 
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52-5°),  and  lauric  aldehyde  (m.  p.  44-5°),  but  although  he  states  that 
these  substances  have  all  the  properties  characteristic  of  aldehydes,  yet 
it  is  somewhat  significant  that  no  description  or  preparation  of  a  single 
derivative  is  given  in  the  paper.  Krafft  apparently  quite  overlooked 
the  fact  that  these  higher  fatty  aldehydes  somewhat  readily  polymerise 
on  keeping,  for  he  purified  his  substances  by  crystallisation  from  ether, 
in  which  he  states  that  they  are  only  slightly  soluble,  and,  moreover 
in  one  case  he  definitely  states  that  he  allowed  the  aldehyde  to  remain 
for  some  time  in  order  that  it  might  solidify.  It  is  definitely  estab- 
lished in  the  present  communication  that  all  these  higher  aldehydes 
readily  polymerise  on  keeping,  and  that  the  resulting  polymerides  are 
very  sparingly  soluble  in  cold  ether,  whereas  the  aldehydes  themselves 
are  readily  soluble  in  this  solvent.  There  is  no  doubt  therefore  that 
the  substances  which  Kralft  regarded  as  simple  aldehydes  were  not 
aldehydes  at  all,  but  impure  polymeiides,  and  this  accounts  for  the 
high  melting  point  which  he  assigns  to  these  substances,  and  which, 
in  the  case  of  lauric  aldehyde,  is  higher  than  that  of  the  corresponding 
acid. 

In  a  later  communication  [Ber.,  1890,  23,  2360),  Krafft  investi- 
gated further  the  properties  of  myristic  aldehyde  and  prepared  its 
sodium  bisulphite  compound  and  also  its  oxime,  which  he  states  melts 
at  82°,  a  melting  point  which  is  identical  with  that  found  for  the 
oxime  of  the  myristic  aldehyde  quoted  in  the  present  paper  (p.  1901). 
This  apparent  contradiction  of  what  has  been  said  regarding  the 
so-called  aldehydes  obtained  by  Krafft  is,  nevertheless,  readily  undei-- 
stood,  for  polymerisation  of  the  aldehydes  is  never  complete,  and  an 
impure  polymeride  would  still  contain  some  unpolymerised  aldehyde, 
and  derivatives  of  the  latter  compound  could  be  prepared  from  it. 

The  a-bromo-  and  a-hydroxy-derivatives  of  the  acids  with  an 
even  nvimber  of  carbon  atoms  had  already  been  prepared,  but  the 
melting  points  assigned  to  these  substances  are  in  most  cases  a 
considerable  number  of  degrees  below  the  true  value.  In  the  case 
of  the  a-hydroxy-derivatives,  this  is  to  be  accouated  for  by  the 
fact  that  these  compounds  were  prepared  by  the  action  of  alcoholic 
potash  on  the  a-bromo-acids,  a  reaction  which,  as  the  present  author 
has  shown  in  the  case  of  a-bromostearic  acid,  also  leads  to  the  forma- 
tion of  a^-unsatui-ated  acids,  and  from  this  mixture  it  is  very  difticult 
to  isolate  a  specimen  of  the  pure  a-hydi'oxy-acid. 

The  melting  points  of  the  various  compounds  mentioned  in  this 
paper  are  interesting  when  viewed  as  physical  constants  of  the  members 
of  a  homologous  sei'ies,  and  a  glance  at  these  values  will  show  that  as 
regards  theii'  melting  point  the  compounds  may  be  divided  into  two 
groups  :  firstly,  those  compounds  which  may  be  regarded  as  retaining 
the  properties  of   the  hydrocarbon  to  which  they  correspond  and  the 
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melting  of  which  is  influenced  by  the  entrant  element  or  group; 
secondly,  those  compounds  which  retain  the  characteristic  properties 
of  the  class  of  compounds  to  which  they  belong  and  the  melting  point 
of  which  is  influenced  by  the  number  of  carbon  atoms  present. 

To  the  first  group  (Table  I)  belong  the  acids  themselves,  the 
a-bromo-acids,  the  lactides,  the  hydroxycyanides,  and  the  aldehydes. 
Here  it  will  be  seen  that  the  compounds  with  an  odd  number  of 
carbon  atoms  melt  at  approximately  the  same  temperature  as  the  next 
lower  member  containing  an  even  number  of  carbon  atoms,  and  that 
the  difference  between  the  melting  points  of  two  consecutive  members 
having  an  even  number  of  carbon  atoms  is  approximately  constant 
and  equal  to  that  between  consecutive  members  having  an  odd  nvimber 
of  carbon  atoms. 

As  regards  the  members  of  the  second  group  (Table  II),  it  will  be 
seen  that  the  melting  points  fall  regularly  as  the  number  of  carbon 
atoms  (or  rather  CHg  groups)  decrease,  and  that  the  lowering  of  the 
melting  point  is  approximately  constant  for  the  same  class  of  com- 
pounds, but  different  for  different  classes.  To  this  group  belong  the 
polymerides,  the  oximes,  the  semicai-bazones,  and  the  a-hydroxy-acids. 


Number  or 
carbon  atoms 
in  "parent" 
hydrocarbon.    Acid. 


Table  I. 


69—70° 

60—61° 

6'2-5° 

53° 

53-5—54° 

42-5° 


a-Bromo-acid. 
60—61° 
52-5° 
51- -5-52° 

42-5° 

41-5— 42-5° 

30-5° 


Aldehyde. 

85-36° 

34° 

24—25° 

23-5° 

14° 


Hydroxy- 
cyanide. 

61-5- 62  5° 
60—61° 

52-5- 53-5° 
50-5° 
44-5° 


Lact; 
8-5- 


82-5- 

82-5- 


de. 

-90-5° 
-87° 
-87° 
-84° 


Number  ot 
carbon  atoms 
in  "  parent" 
hydrocarbon. 

Cl4 


Table  II. 


Polymeride.       Semicarbazonc. 


77-78° 

73° 
69—70° 


107—108° 

107° 

106-5° 

106-5° 

106° 


Oxime. 


)-5° 


a-Hydroxy-acid. 

91—92° 

89° 

86-5°— 87° 

84-5° 

81-5—82° 

78° 


As  the  acids  containing  an  odd  number  of  carbon  atoms  are  not 
known  to  occur  in  nature  and  have  been  but  little  investigated,  it  was 
thought  necessary  to  prepare  some  of  their  more  characteristic 
derivatives  in  order  to  provide  sufficient  data  for  the  complete 
identification  of  the  acids  in  the  future.  Typical  derivatives  of  all 
the  aldehydes  have  also  been  prepared,  and  in  connection  with  these 
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special  mention  of  the  hydroxycyanides  may  be  made ;  these  com- 
pounds, when  hydrolysed  with  concenti-ated  hydrochloric  acid,  give 
hydroxyamides,  which,  on  complete  hydrolysis  with  potassium 
hydroxide,  yield  the  original  a-hydroxy-acids  from  which  the  alde- 
hydes wei'e  prepared  : 

KCH(OH)-CO.,H        — >    ECHO 

^        "  4- 

E0H(0H)-C0-]SrH2    ^-    ECH(OH)-CN 

In  conclusion,  it  may  be  pointed  out  that  the  reaction  of  which  this 
investigation  is  a  study  affords  a  very  convenient  method  for  the 
preparation  of  aldehydes  and  also  for  the  degradation  of  acids,  and  in 
the  latter  connection  it  compares  favourably  with  the  methods  already 
known  for  passing  from  an  acid  of  the  acetic  series  to  the  next  lower 
homologue. 

The  author  is  now  investigating  the  decomposition  of  the  a-hydroxy- 
derivatives  of  dibasic  acids. 


Experimental. 
Action  of  Heat  on  a-IIydroxymargaric  Acid. 

The  a-hydroxymargaric  acid  was  prepared  by  the  action  of  an 
aqueous  solution  of  potassium  hydroxide  on  a-bromomargaric  acid,  the 
latter  substance  having  been  obtained  by  the  action  of  bromine  and 
phosphorus  on  margaric  acid.  As  margaric  acid  does  not  occur  in 
nature,  it  was  necessary  to  prepare  it  synthetically  from  stearic  acid 
by  the  method  described  in  Part  I  of  this  investigation  (Trans.,  1904, 
85,  827). 

Twenty  grams  of  pure  a-hydroxymargaric  acid  were  heated  in  a  small 
distillation  flask  attached  to  a  condenser  ;  the  acid  was  first  cax^efully 
melted  and  its  temperature  then  quickly  raised  to  250°  and  maintained 
between  275°  and  280°  for  one  hour  and  ten  minutes,  after  which  the 
evolution  of  gas  had  almost  ceased.  There  was  a  very  marked 
effervescence  at  250°,  due  to  evolution  of  carbon  monoxide  and  of  a 
small  quantity  of  carbon  dioxide,  and  during  the  decomposition  a  small 
amount  of  a  strongly  acid  liquid  distilled  over. 

The  products  resulting  from  the  heating  of  two  quantities  of  20 
grams  each  were  mixed  together  and  distilled  under  27  mm.  pressure, 
when  the  following  fractions  were  obtained  :  6'7  grams  distilling  at 
175—210°,  15-0  grams  at  210—255°,  3-0  grams  at  225—300°,  and 
ll'O  grams  of  undistilled  residue. 

The  fraction  boiling  at  210 — 255°  was  redistilled  under  29  mm. 
pressure,  and  gave   11   grams  boiling  at  185 — 215";  this  was  added 
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to  the  fraction  boiling  at  175 — 210°  and  the  whole  redistilled  under 
29  mm.  pressure  : 

180—195° 1-3  grams.        205—210°  3-2  grams. 

195—205° 11 -6     „  Undistilled  residue     1-5      „ 

The  fraction  195 — 205°  consists  of  the  pure  aldehyde,  and  from  the 
melting  points  of  the  first  and  third  fractions  these  may  be  assumed 
to  consist  of  two-thirds  of  their  weight  of  aldehyde;  this  would 
correspond  with  a  yield  of  46*5  per  cent.  ;  a  small  quantity  boiling 
between  200°  and  202°  was  separately  collected  for  analysis  : 

0-U20  gave  0-4142  COg  and  0-1710  HgO.     0  =  79-55  ;.H- 13-38. 
CigHgoO  requires  C  =  80-00  ;  H  =  13-33  per  cent. 

Pcdmitic  aldehyde  is  a  white  solid  which  is  practically  odourless 
when  cold,  but  when  warm  it  has  an  odour  not  unlike  that  of  paraffin. 
It  boils  at  200 — 202°  under  29  mm.  pressure  and  melts  at  34°  and  not 
at  58'5°,  as  stated  by  Ki-afft  (loc.  cit.).  It  readily  dissolves  in  all  the 
ordinary  organic  solvents,  is  insoluble  in  water,  and  its  acetone  solution 
slowly  reduces  potassium  permanganate  in  the  cold  and  very  readily  on 
warming.  When  an  ethereal  solution  of  the  aldehyde  is  shaken  with 
an  aqueous  solution  of  sodium  hydrogen  sulphite,  a  precipitate  which 
consists  of  the  polymeride  and  the  sodium  bisulphite  compound  is 
readily  formed.  The  aldehyde  polymerises  on  keeping,  and  is  con- 
verted into  the  polymeride  described  on  p.  1893;  this  change,  however, 
is  never  complete,  as  was  shown  by  the  determination  of  the  melting 
point  of  a  specimen  which  had  been  kept  for  a  long  time. 

The  semicarbazone  was  obtained  by  adding  semicarbazide  hydro- 
chloride (2  mols.)  and  the  requisite  amount  of  potassium  acetate 
dissolved  in  dilute  alcohol  to  an  alcoholic  solution  of  the  aldehyde  and 
allowing  the  mixture  to  remain  overnight.  The  solid  which  had 
separated  was  filtered  and  after  crystallisation  from  dilute  alcohol  was 
obtained  in  the  form  of  elongated  plates  which  melted  at  107°.  It  is 
insoluble  in  the  ordinary  organic  solvents  in  the  cold,  but  readily 
dissolves  in  boiling  acetone,  benzene,  or  chloroform. 

0-1448  gave  17-6  c.c.  moist  nitrogen  at  19°  and  766  mm.   Isr  =  14-08. 
C17H35ON3  requires  lsr=  14-14  per  cent. 

The  oxime  was  prepared  by  mixing  alcoholic  solutions  of  hydroxyl- 
amine  (obtained  from  hydroxylamine  hydrochloride  and  potassium 
hydroxide)  and  the  aldehyde,  heating  the  mixture  on  the  water-bath 
for  one  hour  and  then  leaving  it  overnight.  The  product  is  readily 
soluble  in  ether  or  chloroform,  dissolves  with  difficulty  in  light  petroleum, 
acetone,  or  benzene  in  the  cold,  and  crystallises  from  dilute  alcohol  in 
stellar  groups  of  slender  needles  melting  at  88°, 
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0-2108  gave  10  2  c.c,  moist  nitrogen  at  21°  and  757  mm.      N  =  5-49. 
CjgHggON  requires  N  =  5'49  per  cent. 

The  hydroxycyanide  was  prepared  as  follows  :  3  grams  of  pure  alde- 
hyde were  dissolved  in  30  c.c.  of  ether  and  the  liquid  shaken  with  a 
solution  of  6  grams  of  potassium  cyanide  in  20  c.c.  of  water  (compare 
Lapworth,  Trans.,  1903,  83,  995;  1904,  85,  1206,  1214).  After 
remaining  for  twenty-eight  hours,  the  ethereal  layer  was  separated, 
washed,  dried,  and  evaporated  and  the  residue  crystallised  from  light 
petroleum  (b,  p.  60  —  80°)  until  its  melting  point  was  constant. 

0-1464  gave  7  c.c.  moist  nitrogen  at  25°  and  760  mm.     ]Sr  =  5-34. 
C^^HggOlSr  requires  N  =  5-24  per  cent. 

a- Hydroxy palmltylcyanide,  C^5H3^-CH(OH.)*CN,  melts  at  60 — 61°, 
is  readily  soluble  in  ether,  alcohol,  chloroform,  acetone,  or  benzene, 
and  crystallises  in  small  needles  from  its  concentrated  solution  in 
light  petroleum. 

Hydrolysis  of  the  Hydroxycyanide. — The  hydroxycyanide  was  warmed 
on  the  water-bath  with  an  excess  of  concentrated  hydrochloric  acid  ; 
the  substance  first  melted  and  after  a  very  short  time  a  voluminous 
precipitate  of  the  hydroxyamide  was  formed.  This  was  filtered,  dried 
on  porous  plate,  and  crystallised  from  alcohol. 

0-1150  gave  4  9  c.c.  moist  nitrogen  at  24-5°  and  769  mm.     ]Sr  =  4-82. 
Cj-H^-OgN  requires  N  =  4-91  per  cent. 

a- Hydroxy  margaramide,  Ci5H3^*CH(OH)'CO'NH2,  is  practically 
insoluble  in  the  ordinary  organic  solvents  in  the  cold,  and  dissolves 
readily  in  boiling  alcohol,  from  which  solvent  it  separates  out  in 
glistening  plates  melting  at  148-5°.  A  small  quantity  of  this  hydroxy- 
amide was  boiled  for  five  hours  with  a  20  per  cent,  alcoholic  solution 
of  potassium  hydroxide,  the  alcohol  was  then  evaporated,  and  the 
residue,  after  dilution  with  water,  was  acidified  with  dilute  sulphuric 
acid,  when  an  acid  was  obtained,  which,  after  crystallisation  from 
chloroform,  melted  at  89°  and  had  all  the  properties  of  a-hydroxy- 
margaric  acid.  Its  melting  point  was  not  altered  on  mixing  it  with 
an  equal  quantity  of  a-hydroxymai-garic  acid. 

The  'polymeride  of  palmitic  aldehyde  :  a  specimen  of  the  pure  alde- 
hyde which  had  been  kept  for  six  weeks  was  dissolved  in  boiling  ether 
and  the  substance  which  separated  out  on  cooling  was  crystallised  from 
ether  until  its  melting  point  was  constant. 

0-1296  gave  0-3790  CO2  and  0-1574  R,0.     0  =  79-76  ;  H  =  13-50. 
(Ci^H3p)3  requires  C  =  80-00  ;  H  =  13-33  per  cent. 

The  polymeride  is  insoluble  in  ether,  alcohol,  or  light  petroleum  in 
VOL.    LXXXVII.  ^    I 


1894  LE   SUEUR:   THE   ACTION   OP   HEAT   ON 

the  cold,  dissolves  readily  in  cold  chloroform  or  benzene,  and  crystallises 
from  ether  in  slender  needles  melting  at  73°.  When  slowly  distilled 
under  diminished  pressure,  it  is  quantitatively  reconverted  into  the 
aldehyde.  The  polymeride  does  not  reduce  an  acetone  solution  of 
potassium  permanganate  even  on  boiling  for  a  long  time,  and  it  does 
not  form  a  compound  with  sodium  hydrogen  sulphite. 


Lactide  of  a-Hydroxymargaric  Acid. 

The  undistilled  residue  obtained  from  the  first  distillation  in  the 
purification  of  the  aldehyde  (p.  1891)  was  spread  on  porous  plate  and 
the  solid  obtained  crystallised  first  from  a  large  volume  of  alcohol  and 
finally  from  ether. 

0-1246  gave  0-3474  CO2  and  0*1366  HgO.     C  =  76-03  ;  H  =  12-18. 
Cg^Hg^O^  requires  0  =  76  12  ;  H=  11*94  per  cent. 

The  lactide  is  only  very  slightly  soluble  in  ether,  alcohol,  light 
petroleum,  or  acetone  in  the  cold,  readily  soluble  in  cold  chloroform  or 
benzene,  and  crystallises  from  ether  in  small,  slender  needles  melting  at 
86^^-87°.  Its  solutions  are  neutral  and  it  does  not  reduce  an  acetone 
solution  of  potassium  permanganate  even  on  boiling.  It  is  insoluble 
in  a  solution  of  potassium  hydroxide. 

Hydrolysis  of  the  Lactide. — The  lactide  was  boiled  with  a  20  per  cent. 
alcoholic  solution  of  potassium  hydroxide  for  twenty-two  hours ;  the 
alcohol  was  then  evaporated  off,  the  residue  diluted  with  water  and 
acidified  with  dilute  sulphuric  acid,  when  an  acid  was  obtained  which 
after  crystallisation  from  chloroform  melted  at  89°  and  had  all  the 
properties  of  a-hydroxymargaric  acid. 

Oxidation  of  Palmitic  Aldehyde, — 1*5  gx-ams  of  the  pure  aldehyde 
were  dissolved  in  a  mixture  of  50  c.c.  of  acetone  and  6  c.c.  of  water, 
the  solution  heated  on  the  water-bath  and  treated  with  finely- 
powdered  potassium  permanganate  until  no  further  reduction  took 
place.  The  acetone  was  then  evaporated  off,  the  residue  diluted  with 
water  and  acidified  with  dilute  sulphuric  acid,  a  sufficient  amount  of 
sulphurous  acid  being  added  to  dissolve  the  manganese  dioxide.  The 
precipitated  acid  was  extracted  with  ether,  the  ethereal  solution 
washed,  dried,  an d__^ evaporated,  and  the  residue,  which  weighed  I'S 
grams  and  melted  at  60°,  was  crystallised  from  dilute  acetone,  when 
an  acid  separated  out  in  glistening  plates  melting  at  62-5°,  a  melting 
point  which  remained  unaltered  on  mixing  the  substance  with  an 
equal  weight  of  pure  palmitic  acid. 

0-1544  gave  0-4234  OO2  and  0-1740  H^O,     0  =  74-79;  H  =  12-52. 
CigHgaOa  requires  0  =  75-00 ;  H  =  U^-50  per  cent. 
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Preparation  of  a-Broviopaliaitic  and  a-Hydroxyjmlmitic  Acids. 

a-Bromopalmitic  acid  was  prepared  by  cautiously  adding  45  c.c.  of 
di'y  bromine  to  an  intimate  mixture  of  100  grams  of  palmitic  acid  and 
5  grams  of  dry  amorphous  phosphorus.  The  addition  of  the  bromine 
is  accompanied  by  the  evolution  of  much  heat,  and  consequently  the 
operation  must  be  carried  out  with  care.  After  the  addition  of  the 
bromine,  the  mixture  was  heated  on  the  water-bath  for  six  hours  and 
then  allowed  to  remain  overnight.  The  resulting  bromo-acid  bromide 
was  poured  into  water,  heated  on  the  water-bath  for  a  short  time,  and 
then  allowed  to  remain  for  some  hours,  at  the  end  of  which  time  it  had 
solidified.  The  solid  was  washed  with  water-,  again  melted  under 
water,  cooled,  extracted  with  ether,  and  the  ethereal  solution  well 
washed  with^  water,  dried,  and  evaporated.  The  residue  weighed 
125  grams  (which  corresponds  to  a  96  per  cent,  yield),  and,  as  it 
melted  at  50-5 — 52°  (pure  a-bromopalmitic  acid  melts  at  51-5 — 52°), 
it  was  not  purified  further,  but  directly  converted  into  the  a-hydroxy- 
derivative.  This  was  carried  out  as  follows  :  105  grams  of  the  bromo- 
acid  were  added  to  a  solution  of  75  grams  of  potassium  hydroxide  in 
900  c.c.  of  water,  and  the  resulting  solution  maintained  at  its  boiling 
point  for  ten  hours  by  passing  superheated  steam  into  it.  The  aqueous 
solutions  of  all  these  higher  hydroxy-acids  form  a  thick  jelly  and  are 
very  liable  to  froth  when  heated,  and  consequently  when  working 
with  large  quantities  it  is  quite  impossible  to  heat  the  solutions  in  a 
flask  in  the  ordinary  way.  The  hydrolysed  product  was  acidified  with 
dilute  sulphuric  acid,  the  precipitated  hydroxy-acid  extracted  with 
ether,  and  the  ethereal  solution,  after  being  washed  with  water  and 
dried  with  calcium  chloride,  was  evaporated  and  the  residue  crystallised 
from  chloroform,  when  67  grams  of  the  pure  a-hydroxy-acid  were 
obtained. 

0-1516  gave  03898  COo  and  0-1606  H^O.     C  =  70-13;  H=  11-77. 
C16H3.O3  requires  C  =  70-59  ;  H  -  1 1  -76  per  cent. 

a- Hydroxy  palmitic  acid  is  fairly  readily  soluble  in  alcohol,  ether^ 
acetone,  or  ethyl  acetate  in  the  cold,  insoluble  in  cold  light  petroleum, 
and  crystallises  from  chloroform  in  flat  needles  melting  at  86'5 — 87°j 
and  not  at  82—83°  as  stated  by  Hell  and  Jordanoff  {Ber.,  1891,  24, 
939). 

Action  of  Heat  on  a-Hydroxypalmitic  Acid. 

The  a-hydroxypalmitic  acid  was  heated  in  quantities  of  20  gramS, 
as  described  for  a-hydroxymargaric  acid,  and  the  temperature  main- 
tained at  275 — 280°  for  one  hour  and  ten  minutes.     The  products 
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resultiag  from  four  quantities  of  20  grams  each  were  mixed   together 
and  distilled  under  25  mm.  pressure  : 

155—200°  150  grams       250-300°     13-3  grams 

200—250°  21-5      „  Undistilled  residue      13-7      „ 

The  fractions  200—250°  and  250—300°  were  redistilled,  when 
18-1  grams  boiling  below  200°  were  obtained  ;  these  were  added  to  the 
first  fraction  and  the  whole  redistilled  under  23  mm.  pressure  : 

160—180°  6-6  grams       190—205°     4  8  grams 

180—190°  16-6     „  Undistilled  residue        48      „ 

The  fraction  180 — 190°  consists  of  pure  aldehyde,  and,  judging  from 
the  amount  of  acid  obtained  by  oxidation  of  fractions  1  and  2,  these 
may  be  regarded  as  consisting  of  at  least  two-thirds  of  their  weight  of 
aldehyde  ;  this  would  correspond  to  a  yield  of  36 "4  per  cent. 

A  small  quantity  collected  at  183°  was  analysed  : 

0-1580  gave  0-4590  CO2  and  01890  H2O.     0  =  79-23;  H  =  13-29. 
Cj^Hg^O  requires  C  -  7964  ;  H  =  13-27  per  cent. 

Pentadecijlic  aldehyde  boils  at  183°  under  23  mm.  pressure,  melts  at 
24 — 25°,  and  on  cooling  resolidifies  in  small  needles.  It  is  readily 
soluble  in  all  the  ordinaiy  organic  solvents,  its  solution  in  acetone 
slowly  reduces  potassium  jjermanganate  in  the  cold  and  very  readily 
on  warming,  and  its  solution  in  ether  gives  a  precipitate  when  shaken 
with  an  aqueous  solution  of  sodium  hydrogen  sulphite.  The  aldehyde, 
on  keeping,  is  gradually  converted  into  the  polymeride  mentioned  on 
p.  1897. 

The  semicarhazone  was  prepared  by  the  method  employed  for  the 
preparation  of  the  semicarhazone  of  palmitic  aldehyde ;  it  is  only 
slightly  soluble  in  the  ordinary  organic  solvents  in  the  cold  and 
crystallises  from  absolute  alcohol  in  glistening,  flat  needles  melting  at 
106-5°. 

01412  gave  18  c.c.  moist  nitrogen  at  13-5°  and  753  mm.  N=  14-89. 
^iG^33^^3  i-equires  N  =  14-84  per  cent. 

The  oxime  was  prepared  as  described  on  p.  1892  and  crystallised 
from  dilute  alcohol,  from  which  it  separates  in  flat  needles 
which  melt  at  86°  j  it  is  readily  soluble  in  cold  ether,  and  only 
sparingly  soluble  in  light  petroleum,  alcohol,  or  benzene  in  the  cold. 

0-2150  gave  11-2  c.c.  moist  nitrogen  at  16°  and  754  mm.     N  =  6-03. 
CjrjHgjON  requires  N  =  5-81  percent. 

The  hydroxycyanlde  was  prepared  by  the  method  employed  for 
the    preparation    of    the    hydroxycyanlde    of  palmitic   aldehyde    and 
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was   crystallised  from  light   petroleum   until   its   melting    point    was 
constant. 

0*2104  gave  lO'I  c.c.  moist  nitrogen  at  15"  and  739  mm.     N  =  5"46. 
Cj^HgjOlS'  requires  N  =  5*53  per  cent. 

a-Hydroxy2)entadecylcyanide, C^4H2^'CH(OH)'C]Sr,  is  readily solublein 
ether,  alcohol,  chloroform,  or  benzene  in  the  cold,  and  crystallises  from 
light  petroleum  in  stellar  aggi-egates  of  small  needles  melting  at 
52-5— 53-5° 

Hydrolysis  of  the  Hydroxycyanide. — This  was  carried  out  by 
warming  the  substance  with  an  excess  of  concentrated  hydrochloric 
acid  as  described  on  p.  1893.  The  precipitated  hydroxyamide  was 
filtered,  dried,  and  crystallised  from  absolute  alcohol. 

0-2068  crave  97  c.c,  moist  nitrogen  at  15-5°  and  760  mm.  N  =  5-47. 


a-Hydroxypalmitamide,  Cj^Ho9*CH(OH)*CO'ISrK._,,  is  practically 
insoluble  in  all  the  ordinary  organic  solvents  in  the  cold  and 
crystallises  from  absolute  alcohol  in  plates  melting  at  149'5°.  When 
boiled  with  alcoholic  potash,  it  yields  an  acid  which  melts  at  86-5 — 87° 
and  is  identical  with  a-hydroxypalmitic  acid. 

The  j^olymeride  of  pentadecylie  aldehyde.  A  specimen  of  the 
aldehyde  which  had  been  kept  for  three  weeks  was  dissolved  in  boiling 
ether  and  the  substance  which  separated  on  cooling  was  crystallised 
from  ether  until  its  melting  point  was  constant. 

0-1230  gave  03592  COg  and  0-1482  H.A     C  =  79-64;  H  =  13-38. 
(Cj5H3oO)3  requires  0  =  79-64  ;  H=  13-27  per  cent. 

The  polymeride  is  insoluble  in  ether,  alcohol,  acetone,  or  ethyl  acetate 
in  the  cold,  readily  soluble  in  cold  chloroform  or  benzene,  and 
crystallises  from  ether  in  slender  needles  melting  at  69 — 70°  ;  it  does 
not  reduce  an  acetone  solution  of  potassium  permanganate  even  on 
boiling  and  possesses  none  of  the  properties  common  to  aldehydes. 
When  slowly  distilled  under  diminished  pressure,  it  is  quantitatively 
reconverted  into  the  aldehyde  melting  at  24 — 25°. 

Its  molecular  weight  was  determined  by  the  freezing-point  method 
using  naphthalene  as  the  solvent. 

0-5716  in  19-453  naphthalene  gave  M  -  0-300.     M.W.  =  675-8. 
(C,j,H3„0)3  requires  M.W.  =  678. 

Lactide  of  a-Hydroxypalmitic  Acid. — The  undistilled  residue  from 
the  first  distillation  of  the  products,  obtained  by  heating  a-hydroxy- 
palmitic  acid   (p.   1896),    was   spread  on  porous  plate  and  the  solid 
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obtained  was  crystallised,  first  from  absolute  alcohol  and  finally  from 
ether. 

0-1520  gave  0-4200  CO2  and  0-1632  H2O.     C  =  75-35;  H  =  11-92. 
CggHgo^^  requires  0  =  75-59  ;  H=  11-81  per  cent. 

The  lactide  is  only  slightly  soluble  in  ether,  alcohol,  light  petroleum, 
acetone,  or  ethyl  acetate  in  the  cold,  readily  soluble  in  cold  chloroform 
or  benzene,  and  crystallises  from  ether  in  small,  elongated  plates 
melting  at  86 — 87°.  Its  solution  in  acetone  is  neutral  and  does  not 
reduce  potassium  permanganate.  When  the  lactide  is  hydrolysed  by 
boiling  with  alcoholic  potash,  it  is  reconverted  into  a-hydroxypalmitic 
acid  melting  at  86-5°. 

Oxidation  of  Pentadecylic  Aldehyde. — 3-6  grams  of  the  pui'e 
aldehyde  were  dissolved  in  a  mixture  of  120  c.c.  of  acetone  and  10  c.c. 
of  water  and  oxidised  with  potassium  permanganate  and  the  product 
worked  up  as  described  on  p.' 1894.  The  residvie  obtained  on  evapora- 
tion of  the  ethereal  extract  of  the  acid  weighed  3-5  grams  and  melted 
at  51 — 52°;  it  was  crystallised  from  dilute  acetone  until  its  melting 
point  was  constant. 

0-1338  gave  0-3650  CO2  and  0-1496  H2O.     0  =  74-39;  H=  12-34. 

H=  12-40  percent. 


lie  acid  is  readily  soluble  in  ether,  alcohol,  chloroform, 
light  petroleum,  ethyl  acetate,  or  benzene  and  crystallises  from  dilute 
acetone  in  glistening  plates  melting  at  53°,  and  not  at  51°  as  stated 
by  Krafft  {Ber.,  1879,  12,  1671).  The  molecular  Aveight  was 
determined  by  titration  with  i\710  sodium  hydroxide,  using  phenol- 
phthalein  as  indicator. 

0-3618  required  14-93  c.c.  NjlO  NaOH.     M.W.  =  242-3. 
C15H30O2  requires  M.W.  =  242. 

The  silver  salt  was  obtained  as  a  white,  gelatinous  mass  by  adding 
a  warm  alcoholic  solution  of  the  sodium  salt  to  a  warm  alcoholic 
solution  of  silver  nitrate. 

0-1424  gave  0-0446  Ag.     Ag  =  31-32. 

C15H29O0  A.g  =  30-94  per  cent. 

The  methyl  ester  was  prepared  by  the  action  of  methyl  iodide  on  the 
dry  silver  salt  suspended  in  dry  benzene.  It  is  readily  soluble  in  all 
the  ordinary  organic  solvents  and  crystallises  from  dilute  alcohol  in 
needles  melting  at  18-5°. 


0-1520  gave  0-4160  OO2  and  0-1704  H2O.     0  =  74-64;  H  =  12-46. 
C16H32O2  requires  0  =  75-00  ;  H  =  12*50  per  cent. 


i 
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The  ethyl  ester,  prepcared  in  a  similar  manner,  is  readily  soluble  in 
all  the  ordinary  organic  solvents  and  crystallises  from  dilute  alcohol 
in  needles  which  melt  at  14°. 

0-1606  gave  0-4436  COg  and  0-1814  HgO.     C  =  75-33 ;  H  =  12-55. 
Q^^'K^P^  requires  C  =  75-55  ;  H  =  12-59  per  cent. 

The  amide  was  prepared  by  gradually  adding  2  grams  of  phosphorus 
pentachloride  to  a  solution  of  2  grams  of  the  pure  acid  in  20  c.c.  of 
chloroform  and  heating  on  the  water-bath  for  one  hour.  The  residue 
left  after  evaporation  of  the  chloroform  was  heated  to  100"^  under 
diminished  pressure  in  order  to  remove  the  phosphorus  oxychloride, 
and  the  crude  acid  chloride  thus  obtained  was  carefully  poured  into 
excess  of  concentrated  ammonia  solution.  The  precipitated  amide  was 
filtered  off,  dried  on  porous  plate,  and  crystallised  from  dilute 
alcohol. 

0-1488  gave  7-5  c.c.  moist  nitrogen  at  21°  and  768  mm.     N  =  5-80. 
C^jHg^ON  requires  N  =  5-81  per  cent. 

Pentadecylamide  is  insoluble  in  light  petroleum,  ethyl  acetate,  or 
water  in  the  cold,  moderately  soluble  in  cold  ether,  and  dissolves 
readily  in  boiling  alcohol,  from  which  it  crystallises  in  fern-like 
aggregates  of  needles  melting  at  102-5°. 

Bromination  of  Pentadecijlic  Acid. — Forty  grams  of  the  pure  acid 
were  brominated  with  bromine  and  amorphous  phosphorus  as  described 
on  p.  1895  and  the  crude  pi-oduct  crystallised  from  dilute  acetic  acid.  * 

0-1892  gave  0-1104  AgBr.     Br=  24-82. 

C^gH.^gOgBr  requires  Br  =  24-92  per  cent. 

a-Bromopentadecylic  acid  is  readily  soluble  in  ether,  chloroform, 
alcohol,  light  petroleum,  or  acetone  in  the  cold,  and  crystallises  from 
dilute  acetic  acid  in  elongated  plates  which  melt  at  42-5°. 

Preparation  of  a.-Hydroxypeniadecylic  Acid. — Forty  grams  of  pure 
a-bromopentadecylic  acid  were  dissolved  in  a  solution  of  50  grams  of 
potassium  hydroxide  in  600  c.c.  of  water  and  the  resulting  solution 
heated  to  its  boiling  point  for  sixteen  hours  by  means  of  superheated 
steam.  The  acid  obtained  on  acidifying  the  resulting  product  was 
extracted  with  ether,  the  ethereal  solution  washed,  dried,  and 
evaporated,  and  the  residue  crystallised  from  chloroform. 

0-1480  gave  0-3780  CO.3  and  0-1556  H,0.     0  =  69-66;  H  =  11-68. 
C15H30O3  requires  0  =  69-77;  H  =  11-63  per  cent. 

a-Hydroxypentadecylic  acid  is  somewhat  readily  soluble  in  ether, 
alcohol,  ethyl  acetate,  or  acetone  in  the  cold,  sparingly  soluble  in  cold 
benzene,  and  crystallises  from  cliloroform  in  flat  needles  melting  at 
84-5°. 
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The  silver  salt  was  prepared  in  the  visual  way  from  the  sodium  salt 
and  silver  nitrate ;  it  is  a  white,  amorphous  precipitate. 

0-1678  gave  0-0498  ^g.     Ag- 29-68. 

C,5H2f,03Ag  requires  Ag  =  29-59  per  cent. 


Action  of  Heat  on  a-Hydroxypentadecylic  Acid. 

Twenty  grams  of  pure  a-hydroxypentadecylic  acid  prepared  as 
described  above  were  heated  in  a  small  distillation  flask  and  the 
temperature  maintained  at  270 — 275°  for  75  minutes,  after  which  the 
evolution  of  carbon  monoxide  had  almost  ceased ;  the  resulting 
product  was  then  distilled  under  27  mm.  pressure,  when  the  following 
fractions  were  obtained  :  160—200°,  46  grams  ;  200—250°,  7-2  grams; 
undistilled  residue,  4-5  grams.  The  fraction  boiling  at  200 — 250°  was 
redistilled  under  27  mm.  pressure  and  gave  3'8  grams  at  170 — 200°; 
this  was  added  to  the  fraction  boiling  at  160 — 200°  and  the  whole 
redistilled  under  24  mm.  pressure  : 

150—160°  0-9  gram  175—200°  1-8  grams 

160—175°   3-8  grams  Undistilled  residue  0-6  gram 

The  fraction  160— 175°  melted  sharply  at  23-5°  and  consisted  of  the 
pure  aldehyde,  and  if  fractions  2  and  3  are  regarded  as  containing  two- 
thirds  of  their  weight  of  aldehyde,  then  the  total  amount  of  aldehyde 
obtained  is  equal  to  a  35  per  cent,  yield.  A  portion  collected  at  166° 
was  analysed  with  the  following  results  : 

0-1462  gave  0-4250  CO.,  and  0-1760  HgO.     C  =  79-28;  H  =  13-38. 
C^^HjsO  requires  C  =  79-25;  H  =  13-21  percent. 

Myristic  aldehyde  is  a  white,  crystalline  solid  boiling  at  166°  under 
24  mm.  pressure  and  melting  at  23'5°,  and  not  at  52-5°  (KrafEt,  loc.  cit.). 
It  slowly  reduces  potassium  permanganate  in  the  cold  and  very  readily 
on  warming,  forms  a  compound  with  sodium  hydrogen  sulphite,  and 
possesses  all  the  propei'ties  characteristic  of  aldehydes.  The  aldehyde 
is  gradually  converted  into  its  polymeride  (p.  1901)  on  keeping. 

The  semicarbazone  prepared  as  described  on  p.  1892  is  insoluble  in 
ether,  light  petroleum,  or  benzene  in  the  cold,  dissolves  somewhat 
readily  in  cold  chloroform,  and  crystallises  from  dilute  alcohol  in 
slender  needles  melting  at  106-5°. 

0-1426  gave  19-3  c.c.  moist  nitrogen  at  18°  and  766  mm.  N  =  15-75. 


The  oxime  prepared  by  the  method  described  for  the  other  oximes  is 
readily  soluble  in  ether,  chloroform,  or  acetone  in  the  cold,  only  slightly 


a-HYDROXYCARBOXYLIC   ACIDS.      PART   II.  1901 

soluble  in  cold  light  petroleum  or  benzene,  and  crystallises  from  dilute 
alcohol  in  long,  slender  needles  which  melt  at  82 '5°  (compare  Krafft, 
Ber.,  1890,  23,  2361). 

0*1730  gave  9*4  c.c.  moist  nitrogen  at  17 '5^  and  747  mm.   N  =  6"18. 
Cj^HggON  requires  N  =  6-16  per  cent. 

The  hydroxycyanide  -was  prepared  as  follows  :  2  grams  of  the 
pure  aldehyde  were  dissolved  in  20  c.c.  of  ether  and  this  ethereal 
solution  shaken  with  a  solution  of  6  grams  of  potassium  cyanide  in 
20  c.c.  of  water.  After  remaining  for  three  days,  the  ethereal  layer 
was  separated,  washed,  dried,  and  evaporated,  and  the  residue 
(1-8  grams)  crystallised  from  light  petroleum. 

0-1740  gave  9-4  c.c.  moist  nitrogen  at  17°  and  747  mm.     N  =  6-15. 
CjgHggOISr  requii-es  N  =  5'85  per  cent. 

a-Hydroxymyristylcyanide,C-^^^^'QB.{OYi.yC^,  is  readily  soluble  in 
ether,  alcohol,  chloroform,  benzene,  or  a.cetone,  and  crystallises  from 
light  petroleum  in  plates  which  melt  at  50'5° 

Hydrolysis  of  the  hydroxycyanide  was  eifected  by  warming  the 
hydroxycyanide  with  an  excess  of  concentrated  hydrochloric  acid.  The 
crude  hydroxyamide  was  crystallised  from  absolute  alcohol  and  analysed 
Avith  the  following  result  : 

0-1692  gave  8-5  c.c.  moist  nitrogen  at  16°  and  767  mm.     N  =  5*90 
CjjHg^O.^N  requires  ]Sr  =  5-45  per  cent. 

a-Hydroxypentadecylamide,  C;j3How*CH(OH)*CO'NH2,  is  insoluble  in 
ether,  light  petroleum,  chloroform,  or  benzene  and  crystallises  from 
absolute  alcohol  in  plates  melting  at  149 — 150°.  When  the  hydroxy- 
amide is  boiled  with  an  alcoholic  solution  of  potassium  hydroxide,  an 
acid  is  produced  which,  when  crystallised  from  chloroform,  melts  at  84-5° 
and  is  identical  with  the  a-hydroxypentadecylic  acid  described  on 
p.  1899. 

The  Polymeride  of  Myristic  Aldehyde. — A  specimen  of  the  pure 
aldehyde  which  had  been  kept  for  three  weeks  was  dissolved  in  boiling 
ether  and  the  solid  which  separated  on  cooling  was  crystallised  from 
ether  until  its  melting  point  remained  unchanged, 

0-1264  gave  0-3660  CO.,  and  0-1504  H^O.     C=  78-97;  H  =  13-22. 
(Ci^H280)3  requires  C  =79-25  ;  H=  13-21  per  cent. 

The  polymeride  of  myristic  aldehyde  is  insoliible  in  cold  ether, 
alcohol,  or  acetone,  dissolves  easily  in  cold  benzene  or  chloroform,  and 
crystallises  from  ether  in  stellar  groups  of  slender  needles  which  melt 
at  65'5° ;  it  does  not  reduce  potassium  permanganate  even  on  boiling 
and  possesses  none  of  the  properties  characteristic  of  aldehydes.  When 
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slowly  distilled  under  diminished  pressure,  it  is  quantitatively  recon- 
verted into  the  aldehyde  melting  at  23-5°. 

Lactide  of  a-Hydroxypentadeeylic  Acid. — The  undistilled  residue 
obtained  from  the  first  distillation  in  the  purification  of  the  aldehyde 
(p.  1900)  was  spread  on  poi-ous  plate,  and  the  solid  obtained  was 
repeatedly  crystallised  from  ether. 

0-1082  gave  02966  C0._^  and  0ai48  HgO.     0  =  74-76;  H  =  11-79. 
CggH^gO^  requires  0  =  75-00  ;  H  =  11-67  per  cent. 

The  lactide  of  a-hydroxypentadecylic  acid  is  practically  insoluble  in 
cold  ether,  alcohol,  or  light  petroleum,  dissolves  readily  in  cold  benzene 
or  chloroform,  and  crystallises  from  ether  in  small  plates  which  melt  at 
82-5 — 84°.  A  small  quantity  of  the  lactide  was  hydrolysed  by  boiling 
with  alcoholic  potash  for  eighteen  hours  and  the  resulting  acid  crystal- 
lised from  the  chloroform,  when  it  was  obtained  in  the  form  of  flat  needles 
which  melted  at  845°  and  had  all  the  properties  of  a-hydroxypenta- 
decylic acid,  the  melting  point  remaining  unaltered  on  mixing  the 
specimen  with  this  substance. 

Oxidation  of  Myristic  Aldehyde. — One  gram  of  the  pure  aldehyde 
was  dissolved  in  a  mixture  of  50  c.c.  of  acetone  and  5  c.c.  of  water  and 
oxidised  with  finely-powdered  potassium  permanganate  as  described  on 
p.  1894.  The  resulting  acid  was  crystallised  from  dilute  acetone,  when 
it  was  obtained  in  the  form  of  glistening  plates  which  melted  at 
53-5 — 54° ;  a  mixture  of  this  acid  and  of  pure  myristic  acid  (m.  p. 
53-5 — 54°)  melted  at  exactly  the  same  temperature.  A  small  quantity 
was  converted  into  the  silver  salt,  which  was  analysed  : 

01706  gave  0-0554  Ag.     Ag  =  32-47. 

Cj^HgyOgAg  requires  Ag  =  32-24  per  cent. 

Preparation  of  a-Bromomyristic  Acid. — ^One  hundred  and  twenty 
gi-ams  of  myristic  acid  (m.  p.  53 — 54°)  were  intimately  mixed  with  6 
grams  of  dry  amorphous  phosphorus  and  brominated  with  55  c.c.  of 
dry  bromine  as  described  for  the  preparation  of  a-bromopalmitic  acid 
(see  p.  1895).  The  bromo-acid  obtained  weighed  154  grams  and  was 
practically  pure,  as  it  melted  at  39 — 40°.  A  small  portion  was  crys- 
tallised from  glacial  acetic  acid  until  its  melting  point  was  constant. 

0-1810  gave  0-1094  AgBr.     Br=  25-72. 

Oi^Hg^OgBr  requires  Br  =  26-05  per  cent. 

a-Bromomyristic  acid  is  readily  soluble  in  cold  ether,  alcohol,  light 
petroleum,  chloroform,  acetone,  or  benzene  and  somewhat  readily 
soluble  in  glacial  acetic  acid,  from  which  it  slowly  separates  in  stellar 
aggregates  of  long  needles  which  melt  at  41-5 — ^42-5°j  and  not  at  31°  as 
stated  by  Hell  and  Twerdomedoif  {Ber.,  1889,  22,  1746). 
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Preparation  of  a-Hydroxymyristic  Acid. — One  hundred  and  thirty- 
eight  grams  of  the  above  a-bromomyristic  acid  were  dissolved  in  a  solu- 
tion of  150  grams  of  potassium  hydroxide  in  1000  c.c.  of  water  and  the 
whole  kept  boiling  for  seventeen  hours  by  passing  superheated  steam 
into  it.  The  a-hydroxy-acid  was  isolated  as  described  for  the  prepara- 
tion of  a-hydroxypahnitic  acid  and  then  crystallised  from  chloroform, 
when  it  was  obtained  in  the  form  of  glistening  plates  melting  at 
81  "5 — 82°.  It  is  readily  soluble  in  cold  ether,  alcohol,  acetone,  or  ethyl 
acetate,  and  only^slightly  soluble  in  cold  chloroform  or  light  petroleum. 

0-1412  gave  0-3548  CO2  and  0-1462  HoO.     0  =  6853;  H=ll-50. 
O14H2SO3  requires  0  =  68-85  ;  H  =  1 1-47  per  cent. 

The  silver  salt  prepared  in  the  usual  way  is  a  white,  gelatinous 
precipitate. 

0-1648  gave  0-0508  Ag.     Ag  =  30-82. 

^14^27^3'^S  requires  Ag  =  30*77  per  cent. 

Action  of  Heat  on  a-Hydroxymyristic  Acid. 

The  pure  a-hydroxymyristic  acid  was  heated  in  quantities  of  20 
grams  each,  as  described  on  p.  1891,  and  the  temperature  maintained  at 
275 — 280°  for  seventy -five  minutes.  The  products  resulting  from  the 
three  quantities  of  20  grams  each  were  mixed  together  and  distilled 
under  30  mm,  pressure  : 

130—180° 9-0  grams  240—280° 63  grams 

180—240°..., 22-3      „  Undistilled  residue    9-5       „ 

The  fraction  boiling  at  180 — 240°  was  redistilled  under  25  mm. 
pressure  and  gave  11  grams  boiling  at  153 — -185°  ;  these  were  added  to 
the  fi'action  boiling  at  130 — 180°  and  the  whole  redistilled  under  23  mm. 
pressure  : 

130—154° 4-1  grams         165—180°     3-0  grams 

154—165° 9-5      „  Undistilled  residue     5-0      „ 

The  fraction  boiling  at  154 — 165°  consists  of  pure  aldehyde,  and  if 
to  this  is  added  a  further  quantity  obtained  by  redistillation  of  the 
less  volatile  fractions,  then  the  amount  of  aldehyde  obtained  is  equal 
to  a  35  per  cent,  yield, 

A  small  quantity  boiling  at  156°  was  collected  for  analysis  : 

0-1454  gave  0  4186  OO2  and  0  1722  H2O,     0  =  78-52;  H  =  13-15, 
OigH^jjO  requires  0  =  78-78  ;  H  =  13-13  per  cent. 

Tridecylic  aldehyde  boils  at  156°  under  23  mm.  pressure,  melts  at 
14°,    and  is    somewhat  readily  soluble    in    all  the    ordinary   organic 
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solvents ;  it  reduces  potassium  permanganate,  forms  a  solid  compound 
with  sodium  hydrogen  sulphite,  and  is  gradually  converted  into  its 
polymeride  on  keeping. 

The  semicarhazone,  prepared  as  described  on  p.  1892,  is  insoluble  in 
ether  or  light  petroleum  in  the  cold,  sparingly  soluble  in  cold  alcohol, 
chloroform,  benzene,  or  acetone,  and  crystallises  from  alcohol  in  glisten- 
ing, micaceous  j)lates  melting  at  106°. 

0-1438  gave  20-2  c.c.  moist  nitrogen  at  13°  and  760  mm.  N  =  16-60. 
Cj^HogOISTg  requires  N  =  16-47  per  cent. 

The  oxime  was  prepared  in  the  usual  way  and  crystallised  from 
dilute  alcohol,  from  which  it  separates  in  glistening,  flat  needles  melt- 
ing at  80-5°;  it  is  readily  soluble  in  cold  ether  or  chloroform  and 
sparingly  soluble  in  light  petroleum,  benzene,  cr  alcohol  in  the  cold. 

0-1750  gave  10-3  c.c.  moist  nitrogen  at  16-5°  and  765  mm.  lSr  =  6-89. 
CjglT.^yON  requires  N  =  6-57  per  cent. 

The  hydroxy  cyanide,  prepared  in  a  manner  similar  to  that  employed 
for  the  preparation  of  the  other  hydroxy  cyanides,  was  crystallised 
from  light  petroleum  and  analysed  : 

0-1844  gave  lO'l  c.c.  moist  nitrogen  at  15°  and  758  mm.  N  =  6-40  - 
Cj^Ho^ON  requires  ]Sr  =  6-22  per  cent. 

a- Hydroxy tridecylcyanide,  Oi2Ho5*CH(OH)*C]Sr,  is  readily  soluble  in 
ether,  alcohol,  chloroform,  acetone,  or  benzene  and  crystallises  from  its 
concentrated  solution  in  light  petroleum  in  elongated  plates  which  melt 
at  44-5°. 

Hydrolysis  of  the  a-Hydroxycyanide. — This  Avas  carried  out  by  warm- 
ing the  hydroxycyanide  with  an  excess  of  concentrated  hydrochloric 
acid ;  the  resulting  hydroxyamide  was  crystallised  from  alcohol  and 
analysed  : 

0-1416  gave  7-1  c.c.  moist  nitrogen  at  17°  and  775  mm.     N  =  5-92. 
C^4H25)02N  requires  Isr  =  5-76  per  cent. 

a-Hydroxymyristamide,  Ci2H25'CH(OH)*CO'NHo,  is  insoluble  in 
ether,  chloroform,  light  petroleum,  or  benzene  and  crystallises  from 
alcohol  in  glistening  plates  melting  at  150°.  "When  hydrolysed  by 
boiling  with,  alcoholic  potassium  hydroxide,  it  yields  an  acid  which, 
after  crystallisation  from  chloroform,  melts  at  81-5 — 82°  and  is 
identical  with  a-hydroxymyristic  acid. 

Polymeride  of  Tridecylic  Aldehyde. — A  specimen  of  the  pure  aldehyde 
which  had  been  kept  for  three  weeks  was  found  to  melt  at  54—55° 
and  was  not  readily  soluble  in  ether ;  it  was  dissolved  in  boiling  ether, 
and  the  solid  which  separated  on  cooling  was  crystallised  from  this 
solvent. 
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0-1374  gave  03944  CO2  uud  01626  B.f>.     0  =  78-29;  H=  13-15. 
(C\3H:._jgO)3  requii-es  C  =  78-78  ;  H=  13-13  per  cent. 

The  polymeride  is  difficultly  soluble  in  ether  or  alcohol,  dissolves 
readily  in  benzene  or  chloroform,  and  crystallises  from  ether  in  needles 
melting  at  61-5°;  it  does  not  reduce  potassium,  permanganate,  and 
when  slowly  distilled  it  is  reconverted  into  the  aldehyde. 

Lactide  of  a-Hydroxymyristic  Acid. — The  undistilled  residue  obtained 
from  the  first  distillation  in  the  purification  of  the  tridecylic  aldehyde 
(p.  1903)  was  spread  on  porous  plate  and  the  solid  thus  obtained  crys- 
tallised from  ether,  from  which  it  separates  in  plates  melting  at 
82-5 — 83  5°.  It  is  insoluble  in  cold  alcohol,  light  petroleum,  or 
acetone  and  readily  dissolves  in  benzene  or  chloroform. 

0-1580  gave  0-4300  CO2  and  0-1640  R,0.     0  =  7422;  H=  11-53. 
CggH-^O^  requires  0  =  74*34  ;  H  =  1 1  -50  per  cent. 

On  boiling  the  above  lactide  with  an  alcoholic  solution  of  potassium 
hydroxide,  an  acid  was  obtained  which,  after  crystallisation  from 
chloroform,  melted  at  81-5 — 82°  and  was  identical  with  a-hydroxy- 
myristic  acid. 

Oxidation  of  Tridecylic  Aldehyde.  — Ten  grams  of  the  pure  aldehyde 
were  oxidised  as  described  for  the  oxidation  of  the  other  aldehydes, 
and  the  crude  tridecylic  acid  obtained  was  recrystallised  from  a  mix- 
ture of  acetone  and  formic  acid,  from  which  it  separates  in  glistening 
plates  which  melt  at  42-5^;  it  is  readily  soluble  in  all  the  ordinary 
oi'ganic  solvents. 

0-1504  gave  Q'4018  OO2  and  0-1662  H^O.     0  =  72-86;  H=  12-28. 
C13H.2A  requires  0  =  72*90  ;  H=  12-15  per  cent. 

Preparation  of  a-Bromotridecylic  Acid. — Four  grams  of  pure  tride- 
cylic acid  were  mixed  with  0-2  gram  of  dry  amorphous  phosphorus 
and  brominated  with  2-5  c.c.  of  bromine  in  the  usual  way.  The  crude 
bromo-acid  weighed  5-2  grams  and  melted  at  29-5 — 30°;  it  was  puri- 
fied by  crystallisation  from  a  mixture  of  acetone  and  formic  acid, 

0  1442  gave  0-0932  AgBr.     Br  =  27-50. 

OigHgjOgBr  requii-es  Br  =  27-30  per  cent. 

a-Bromotridecylic  acid  is  readily  soluble  in  ether,  light  petroleum, 
chloroform,  alcohol,  or  acetone  and  crystallises  from  a  mixture  of 
acetone  and  formic  acid  in  plates  melting  at  30  5°. 

a- Hydroxy  tridecylic  acid  was  prepared  by  the  action  of  an  aqueous 
solution  of  potassium  hydroxide  on  the  a-bromo-acid,  as  described  for 
the  preparation  of  the  other  a-hydroxy-acids ;  it  was  crystallised  from 
chloroform  and  analysed : 
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0-1340  gave  0-3328  CO2  and  0-1370  HgO.     C- 67-73;  H=  11-36. 
OjgHggOg  requires  C  =  67-83  ;  H  =  1 1  '30  per  cent. 

a-Hydroxytridecylic  acid  is  easily  soluble  in  ether,  alcohol,  or 
acetone,  insoluble  in  light  petroleum  or  benzene,  and  crystallises  from 
chloroform  in  aggregates  of  small  plates  which  melt  at  78°. 

The  author  desires  to  express  his  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  has  partly 
defrayed  the  expenses  of  this  investigation. 
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CLXXXIV.- — Solutio7i  and  Pseudo-solution.     Part  IV. 

By  Ernest  Linder  and  Harold  Picton. 

The  present  paper  continues  our  study  of  solution  and  pseudo- 
solution,  a  research  which  took  its  rise  in  an  examination  of  the 
chemical  and  physical  properties  of  some  metallic  hydrosulphides  in 
1892.  This  investigation  opened  up  other  inquiries  on  the  physical 
side,  which  in  time  became  the  main  subject  of  our  work  (see  Trans., 
1892,  61,  114,  137,  148;  Trans.,  1895,  67,  63;  Trans.,  1897,  71, 
668). 

On  the  publication  of  Part  III,  in  1897,  we  commenced  the  study 
of  the  physical  properties  of  colloidal  ferric  hydroxide,  which  had 
already  received  some  notice  in  our  previous  papers.  Other  duties, 
however,  intervened,  and  we  were  compelled,  with  much  reluctance,  to 
suspend  the  research  until  a  favourable  opportunity  presented  itself  of 
continuing  the  work. 

This  opportunity  has  been  found  during  the  present  year,  and  the 
present  paper  summarises  the  results  of  these  scattered  observations. 
During  the  long  interval  which  has  elapsed  since  we  set  aside  the 
research,  other  investigators  have  been  busy  in  the  same  field,  and 
their  labours  have  suggested  new  lines  of  research  to  ourselves ;  the 
investigation  has  in  this  way  been  extended  somewhat  beyond  the 
field  we  had  formerly  mapped  out.  We  are  especially  indebted  to  the 
publications  of  W.  B,  Hardy,  with  whose  views  we  find  ourselves  in 
close  agreement  on  many  points. 
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Section  I. 

The  Physical  and  Chemical  Properties  of  Colloidal  Arsenious  Sulphide. 

In  a  former  paper  (Trans.,  1895,  67,  63)  we  recorded  the  preparation 
of  four  grades  of  arsenious  sulphide  solution.  These  were  dis- 
tinguished as  : 

As2S3(a),  aggregates  visible  under  the  microscope. 
As.,^^{(i),  invisible,  but  not  diffusible. 
As2S3(y),  diffusible,  but  not  filterable. 

As2S3(8),  diffusible  and  filterable,  but  scattering  and  polarising  a 
beam  of  light. 

The  experiments  which  follow  have 
been  made  solely  on  (y),  and  the  expres- 
sion "  arsenious  sulphide  "  throughout 
the  present  paper  must  be  taken  to 
refer  to  that  grade  of  solution  only. 

Volume  Change  on  Coagulation. — The 
coagulating  bottle  of  large  dimensions 
employed  by  us  in  1895  for  determining 
the  volume  change  resulting  on  coagu- 
lation of  arsenious  sulphide  was  found 
to  be  less  suitable  for  use  with  colloidal 
ferric  hydroxide,  of  which  the  prepara- 
tion in  bulk  is  a  troublesome  and 
lengthy  operation.  Moreover,  it  was 
open  to  the  objection  that  complete 
admixture  of  the  colloid  with  the  salt 
solution  employed  to  coagulate  it  could 
not  be  effected  with  the  necessary  cer- 
tainty and  dispatch  without  the  aid  of 
some  form  of  internal  stirring  gear. 
A  special  form  of  apparatus  was  de- 
signed to  eliminate  these  defects  :  this 
is  repi'esented  in  Fig.  1. 

The  efficiency  of  this  apparatus  was 
tested    on    arsenious     sulphide,    which 
we    have    already   proved    (1895)    to    show   no   volume    change    on 
coagulation. 

The  total  working  capacity  of  the  bulb  was  185  c.c. ;  the  volumes  of 
coagulant  10  c.c.  and  colloid  150  c.c.  respectively,  whilst  the  volume  of 
the  mercury  in  the  seal  was  25  c.c. 

The   gauge    had    a    total    length    of    15    cm.,    and    was   graduated 


Coagulating  tube. 
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throughout  in  mm.  Each  mm.  length  on  the  gauge  corresponded  to 
an  average  volume  of  0-001274  c.c,  due  allowance  being  made  for  the 
volume  of  the  extremely  fine  copper  *  wire  used  to  operate  the  stirrer. 
The  procedure  is  briefly  as  follows  : 

Twenty-five  c.c.  of  mercury  are  run  into  the  tube  and  the  latter  tilted 
to  fill  the  "pocket"  C  ;  10  c.c.  of  the  coagulant  are  then  admitted  to 
the  surface  of  the  mercury  by  a  pipette  and  brought  into  C  by 
cautiously  tilting  the  tube.  The  latter  is  then  again  placed  upright, 
the  stirrer  introduced,  and  the  tube  well  Avashed  with  distilled  water  \ 
150  c.c.  of  colloid  are  run  in — to  a  point  just  below  the  lip — water 
cautiously  added  to  fill  the  tube,  and  the  india-rubber  stopper  and 
gauge  adjusted.  The  whole  apparatus  is  then  removed  to  a  large 
vessel  of  water  maintained  at  constant  temperature.  The  apparatus  is 
kept  in  this  position  until  the  level  of  liquid  in  the  gauge  has  remained  con- 
stant for  four  to  five  minutes,  the  attainment  of  the  constant  point  being 
hastened  by  a  gentle  vertical  oscillatory  movement  of  the  stirrer.  The 
tube  is  now  rapidly  tilted  to  displace  the  coagulant  in  G  by  mercury, 
and  again  placed  upright  and  Tthe  stirrer  actuated  until  the  liquid  is 
once  more  in  temperature  equilibrium  with  the  surrounding  water. 
In  our  experiments,  the  surrounding  water  did  not  sensibly  change  in 
temperature  during  the  short  time  occupied  by  an  experiment  ;  the 
observed  gauge  reading  was  therefore  a  correct  measure  of  the  volume 
change  due  to  admixture  of  the  two  solutions.  Blank  experiments  were 
made  with  distilled  water  in  place  of  colloid  to  measure  the  volume 
change  due  to  dilution  of  the  coagulant. t 

The  results  entii-ely  confirm  those  obtained  with  the  more  sensitive 
apparatus  employed  in  1895,  They  indicate  that  no  appreciable 
volume  change  occurs  when  arsenious  sulphide  is  coagulated  by 
electrolytes, 

Voluj/ie  Change  on  Coagulation  of  Arsenious  Sulphide. 

Volume  alteration. 

Arsenious  Coagulant ' ^ 

sulphide                      employed.  Sulphide.  Water.  Contraction, 

taken.                            10  c.e.  («.)  (h.)  (a-b.) 

1-065  grams  A72-Ammonium  sulphate  -0-0098  c.c.  -0-0089  c.c,  0-0009  c,c, 
1-065     ,,  iVV2-Potassium  alum -0-0178   ,,        -0-0174   „       0-0004   ,, 

Osmotic  Pressure. — The  results  are  again  inconclusive.  They  appear 
to  indicate  that  arsenious  sulphide  gives  a  small  osmotic  pressure,  but 
no  quantitative  significance  is  attached  to  the  figures, 

*  Copper  wire  alone  proved  suitable  for  this  work.  Under  the  conditions  of  our 
experiment,  it  had  no  appreciable  action  on  either  arsenious  sulphide  or  ferric 
hydroxide, 

t  A  somewhat  similar  apparatus  was  employed  by  Edward  Bruce  Wade  in  his 
experiments  on  the  volume  change  resulting  from  the  dilution  of  aqueous  solutions 
(Trans,,  1899,  75,  254). 
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Two  methods  were  employed.  In  the  first,  the  diaphragm  was  a 
white  porous  pot  thoroughly  cleansed  by  exhaustive  washing  with 
hydrochloric  acid,  water,  and  absolute  alcohol.  The  apparatus  was 
similar  to  that  described  by  Adie  (Trans.,  1891,  59,  344),  but  with  the 
porous  pot  and  gauge  filled  with  water,  the  gauge  open  to  the  air, 
and  with  the  colloid  solution  outside.  It  was  identical  with  that 
employed  by  us  in  1895.  In  the  second  method,  a  glass  cell  was  used 
with  a  parchment  diaphragm. 

The  results  with  the  porous  pot  were  again  anomalous  and  perplex- 
ing. The  gauge  failed  to  record,  even  approximately,  the  same 
pi-essures  with  distilled  water  alone  before 
and  after  the  pot  had  been  used  for  sulphide. 
Thus,  the  gauge  readings  with  water  before 
and  after  use  with  sulphide  were  4'68  and 
4'32  cm.  respectively ;  the  gauge  reading 
with  4  per  cent,  sulphide  was  4*29  cm.  Read- 
ings were  taken  every  day  for  a  week  to 
ensure  ample  time  for  adjustment  of  pres- 
sures ;  the  sulphide  solution  diffused  readily 
after  this  long  contact  with  the  pot. 

The  special  form  of  cell  designed  to  obviate 
the  use  of  earthenware  is  represented  in 
Fig.  2. 

A.  An  ordinary  250  c.c.  bottle  with  the 
bottom  cut  off  at  a,  a ;  the  bottom  served 
as  a  cover  throughout  the  experiments. 

£.  A  thistle  funnel  with  a  cap  of  dialysis 
parchment  drawn  in  round  the  lip  by  a 
platinum  wire  and  sealed  below  in  mercury, 

C.  A  gauge  graduated  in  mm, ;  its  sides 
are  kept  moistened  during  use  by  a  wire, 
which  also  serves  to  adjust  the  meniscus. 

D  is  the  colloid  under  examination ;  its  level,  d,  d,  is  adjusted  to 
touch  a  needle  suspended  in  the  bottle  by  a  sti-etched  wire. 

To  fill  the  inner  cell  with  water  the  india-rubber  stopper  in  the  neck 
of  the  bottle  is  loosened,  the  gauge  detached  at  e,  and  the  bottle 
plunged  into  a  beaker  of  distilled  water.  Gentle  suction  is  now 
applied  at  e,  the  stopper  replaced,  e  closed  by  a  pinchcock,  and  the 
beaker  and  contents  rapidly  inverted.  The  cell  and  bottle  are  thus 
left  filled  with  water.  The  gauge  is  then  again  attached  at  e  and  filled 
by  gentle  suction,  sufficient  mercury  poured  into  the  bottle  to  seal  the 
lower  edge  of  the  parchment,  and  the  supernatant  water  withdrawn. 
The  cell  is  now  ready  for  use. 

After   contact  with  the  arsenious  sulphide  the   mercury  blackens 
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somewhat,  but  no   coagulation  ensues.     This  slight    action  could  no 
doubt  be  minimised  by  use  of  vaseline. 

The  results  obtained  with  the  parchment  diaphragm  are  more 
consistent  than  those  with  earthenware,  but  do  not  possess  any 
quantitative  value. 

Thus,  tlie  gauge  readings  with  water  before  and  after  were  10*62 
and  10-88  cm.  respectively  (mean,  10-75  cm.) ;  the  reading  with  a 
2'52  per  cent,  solution  of  arsenious  sulphide  was  9-55  cm.,  and  hence 
the  "osmotic  pressure"  was  1-20  cm. 

Electrical  Eepulsion. — The  electrical  convection  of  arsenious  sulphide 
has  already  been  fully  described  (Trans.,  1897,  71,  568).  The  sulphide 
is  electro-negative  in  character,  and  is  repelled  from  the  cathode 
towards  the  anode.  Coagulation  on  the  anode  only  occurs  under 
special  conditions,  and  these  do  not  occur  in  a  U-tube,  in  which  a 
tendency  is  noticed  for  the  sulphide  to  concentrate  in  the  bend  towards 
the  anode  limb,  but  are  obtained  when  the  solution  is  placed  hori- 
zontally in  a  shallow  layer  with  the  electrodes  close  together  (p.  1911). 
It  is  an  interesting  fact  that  arsenious  sulphide  is  electro-negative  in 
a  solution  faintly  acid  to  litmus,  whilst  ferric  hydroxide  is  electro- 
positive under  the  same  conditions.  In  this  they  differ  from  Hardy's 
proteid  [Journ.  Physiol.,  24,  Nos.  3  and  4,  June  13,  1899),  which  is 
electro-positive  in  acid  solution  and  electro-negative  in  alkaline 
solution.  If  the  bend  of  the  U-tube  is  narrowed  somewhat  and 
tightly  plugged  with  cotton  wool,  as  advised  by  Hardy  {loc.  cit.),  a 
distinct  endosmotic  action  is  noticed,  the  level  of  liqviid  in  the 
cathode  limb  being  raised  some  3  mm.  above  that  in  the  anode 
limb.  Water  and  sulphide  are  thus  repelled  in  opposite  directions  in 
accordance  Avith  Quincke's  theory  of  electric  endosmose  (Wiedemann, 
Electricitat,  ed.  2,  1893,  I,  982—1023;  also  Lamb,  Brit.  Assoc.  Report, 
1887,  495;  Quincke,  Poggendorff's  Ann.,  1861,  113,  613). 

Microscopical  Work. — The  hydrogel*  obtained  when  arsenious  sulphide 
is  coagulated  by  electrolytes  or  by  the  ageccy  of  electromotive  force 
is  invariably  found  to  possess  the  granular  structure  described  by 
Bemmelen  {Zeit.  anorg.  Chem.,  1898,  18,  14 — 36)  and  other  physicists 
as  characteristic  of  non-reversible  gels  of  the  silicic  acid  type.  This 
granular  structure  is  clearly  visible  under  a  magnifying  power  of 
600  diameters  (1/1 0th  objective),  the  highest  power  available  for  our 
work.  With  the  aid  of  this  lens  we  made  a  close  study  of  the 
coagulation  pi-ocess  in  all  its  various  aspects  : — 

Coagulation  hy  Electrolytes. — The  simplest  method  of  observing  the 

process  of  coagulation  microscopically  is  to  bring  a  drop  of  Nji  sodium 

chloride  or  iV^/20  ammonium  sulphate  into  contact  with  the  edge  of  a 

*  All  aqueous  solution  of  a  colloid  is  a  "  hydrosol"  ;  on  coagulation  it  becomes  a 

"  bydrogel." 
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drop  of  arsenious  sulphide  under  a  cover  slip.  The  electrolyte 
gradually  diffuses  into  the  sulphide  and  induces  a  line  of  coagulation, 
which  advances  with  the  &alb  across  the  field  with  sufficient  slowness 
to  enable  the  formation  of  the  hydrogel  to  be  clearly  followed  in  the 
"  wave "  front.  The  following  observations  were  made  with  iV/2 
sodium  chloride  : 

Before  entrance  of  the  chloride,  the  general  bulk  of  the  solution 
appeared  as  a  clear  yellow  field  with  a  few  solitary  granules  in 
Brownian  movement — the  presence  of  these  granules  enables  the 
observer  to  bring  the  solution  into  accurate  focus.  On  admitting  the 
salt  solution,  a  line  of  coagulation  passed  slowly  across  the  field.  In 
front  of  this  advancing  "  wave"  the  field  was  clear  and  undisturbed; 
behind  it  lay  the  granular  hydrogel,  whilst  in  the  wave  front  itself  the 
genesis  of  the  hydrogel  from  the  hydrosol  was  clearly  visible. — 
First  appeared  a  dim  cloud  of  vibrating  particles  too  small  to  be 
followed  with  certainty ;  these  rapidly  increased  in  size  with  propor- 
tionately retarded  movement,  until  at  a  certain  critical  moment  the 
granules  began  to  attach  themselves  to  the  free  surface  of  the  hydrogel 
and  to  one  another,  and  all  movement  ceased. 

Such  a  process  of  aggregation  can  be  followed  also  in  a  solution  of 
arsenious  sulphide  to  which  successive  small  additions  of  a  coagulant 
are  made,  samples  of  the  liquid  being  withdrawn  for  microscopical  ex- 
amination after  each  addition  of  salt.  All  attempts  to  induce  a 
reversal  of  the  process  by  washing  the  hydrogel  with  distilled  water 
have  proved  a  failure  ;  under  no  conditions  have  we  been  able  to  re- 
dissolve  the  hydrogel  by  simple  washing,  either  on  the  filter  or  by  de- 
cantation.  No  change  was  observed  in  the  Brownian  movement  of 
isolated  granules  when  a  tube  containing  6 "7  milligrams  of  pure  radium 
bromide  *  was  brought  into  their  immediate  vicinity,  nor  did  a  sample 
of  arsenious  sulphide  change  in  appearance  when  the  same  tube  was 
immersed  in  the  solution  for  twenty-four  hours. 

It  is  of  interest  to  inquire  at  what  concentration  an  electrolyte  com- 
mences to  induce  aggregation  of  the  colloid  particles.  We  sought  to 
obtain  an  answer  to  this  question  by  comparing  the  rate  of  upward 
diffusion  of  a  solution  of  sulphide  containing  a  small  amount  of 
ammonium  chloride  with  that  of  the  solution  itself.  In  the  former 
case,  a  solution  of  ammonium  chloride,  adjusted  to  the  same  concentra- 
tion as  that  of  the  chloride  in  the  arsenious  sulphide,  was  placed  above 
the  sulphide ;  in  the  latter  case,  distilled  water  was  used.  The  amount 
of  diffusion  in  a  given  time  was  determined  by  cautiously  slipping  a 
glass  plate  over  the  mouth  of  the  bottle  containing  the  colloid  and 

*  Hardy  found  that  radium  bromide  caused  gelatinisation  of  a  solution  of  specially 
purified  globulin  (from  blood)  in  faintly  alkaline  solution  (Proc.  Camb.  Phil.  Soc, 
1903,  12,  III,  201). 

6  K  2 
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withdrawing  the  outer  liquid  by  a  siphon.  The  depth  of  colour  in  this 
liquid  was  then  matched  by  addition  of  arsenious  sulphide  solution  to 
an  equal  volume  of  water  or  to  dilute  ammonium  chloride  as  the  case 
might  be.  Risk  of  loss  of  colloid  on  closing  the  bottle  will  be  reduced 
if  a  small  amount  of  the  solution  be  withdrawn  by  a  capillary  tube 
before  slipping  on  the  plate. 

The  results  indicate  that  an  amount  of  ammonium  chloride  quite 
insufficient  to  produce  coagulation  effects  a  sensible  aggregation  of 
the  colloid  particles.  In  other  words,  the  degree  of  aggregation  of 
the  colloid  particles  is  determined  by  the  concentration  of  the 
electrolyte. 

Rate  of  Diffusion  oj  Arsenious  Sulphide. 

Per  ceut.  diffused  of  total  taken. 


Sulphide  {plus  5  per  cent,  of  tlie 
ammonium  chloride  necessary  to 
Time  Arsenious  sulphide  coagulate  it)  diffused  out 

in  hours.  diffused  out  into  water,    into  dilute  ammonium  chloride. 

24  10  per  ceut.  1  per  cent. 

48  14         ,,  — 


72 


23 


Coagulation  hy  Electricity. — This  was  observed  under  a  magnifying 
power  of  600  diameters,  with  the  aid  of  the  simple  apparatus  figured 
below. 

Fig.  3. 


A,  A  is  the  edge  of  a  microscope  slide  seen  in  section. 

B  is  the  cover-slip. 

G,  C  are  the  electrodes  made  of  platinum  foil,  beaten  out  thin  at  one 
end  and  tapered  to  a  fine  point. 

D,  D  are  india-rubber  insulating  pads  held  in  position  on  the  micro- 
scope slide  by  the  brass  arm  clips  on  the  stand. 

Five  Leclanche  cells  (about  8  volts)  give  a  sufficient  difference  of 
potential.     It  is  advisable  to  use  dilute  solutions  of  arsenious  sulphide. 

1,  Alcohol  Absent.— On  completing  the  circuit,  instant  and  complete 
repulsion  takes  place  at  the  cathode,  the  solution  in  contact  with  the 
pole     being    rendered    clear   and    colourless — the    movement    of    the 
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sulphide  exactly  resembles  that  of  a  yellow  curtain  suddenly  withdrawn 
from  before  a  window.  At  the  anode  a  dim  cloud  of  particles  in  rapid 
Brownian  movement  becomes  visible.  These  particles  rapidly  increase 
in  size  as  they  approach  the  pole,  where  they  form  a  granular  hydrogel, 
which  is  continually  augmented  at  the  free  surface  by  the  attach- 
ment of  more  granules  until  the  whole  field  is  obscured  by  a 
coagulum  so  dense  as  to  be  opaque.  On  reversing  the  poles,  minute 
bubbles  of  gas  are  liberated  at  the  old  anode,  now  the  cathode,  and  the 
coagulum  breaks  up.  The  process  of  coagulation  meanwhile  proceeds 
at  the  new  anode  as  already  described. 

The  process  of  coagulation  of  arsenious  sulphide  Vjy  electricity  is 
strikingly  similar  to  that  induced  by  electrolytes.  In  both  cases,  the 
process  is  one  of  continuous  aggregation  :  invisible  particles  become 
visible  in  rapid  movement ;  these  grow  in  size  and  move  less  rapidly 
until  the  aggregates  unite  to  form  the  granular  hydrogel  and  all 
movement  ceases.  Our  observations  support  the  view  that  in  the 
coagulation  of  arsenious  sulphide  by  electrolytes  the  active  agents  of 
coagulation  are  free  ions  carrying  a  static  charge  (W.  B.  Hardy,  Proc. 
Roy.  Soc,  1900,  66,  95,  110). 

2.  Alcohol  Present. — The  solution  examined  was  prepared  by  adding 
2  drops  of  a  2  per  cent,  sulphide  solution  to  5  c.c.  of  "absolute" 
alcohol.  The  genesis  of  the  granules  proceeds  in  a  much  more 
leisurely  way  in  this  solution,  but  the  general  phenomena  are  identical 
with  those  described  above.  On  reversing  the  poles,  the  coagulum  on  the 
anode  disintegrates  into  smaller  granular  aggregates,  which  are  then 
repelled  from  the  pole.  At  a  little  distance  from  the  pole,  the  individual 
granules,  of  which  these  smaller  masses  are  composed,  are  seen  to 
resume  their  Brownian  movement.  Under  the  influence,  apparently, 
of  this  movement,  the  masses  then  break  up  first  into  single  granules 
in  slow  movement,  then  into  smaller  granules  in  more  rapid  movement, 
until  the  particles  become  too  small  to  follow  with  the  eye.  It  is 
interesting  that  Hardy,  using  a  magnifying  power  of  500  diameters, 
observed  no  Brownian  movement  in  the  granules  which  appeared  in  a 
heat-modified  solution  of  egg-white  in  water  on  coagulation  by  a  2  per 
cent,  solution  of  calcium  chloride.  Hardy  concluded  from  this  that 
the  particles,  when  first  clearly  visible,  are  already  in  some  way  linked 
to  one  another  (W.  B.  Hardy,  Journ.  Physiol.,  24,  No.  2,  May 
1899). 

Coagulation  of  Arsenious  Sulphide  by  Metallic  Salts. 

Absorption  of  Base  by  the  Coagulum. — In  a  former  paper  (Trans., 
1895,  67,  63),  we  showed  that  when  arsenious  sulphide  (y)  is  coagulated 
by  metallic  salts,  a  sensible  amount  of  the  metal  is  withdrawn  from 
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solution  by  the  sulphide,  whilst  the  acid  radicle  in  combination  with  it 
remains  in  solution  in  undiminished  amount.  This  fact  has  since  been 
confirmed  and  extended   by  Whitney  and   Ober  (J.   Amer.  Chevi.  Soc, 

1901,  23,  842).  These  observers,  by  operating  on  large  volumes  of 
arsenious  sulphide  with  excess  of  the  chlorides  of  barium,  strontium, 
calcium,  and  potassium,  were  able  to  show  that  the  weights  of  metal 
withdrawn  from  solution  by  the  coagulum  were  in  equivalent  propor- 
tion, the  chlorine  in  each  case  remaining  in  solution  as  hydrochloric 
acid.  They  further  showed,  with  barium  chloride,  that  the  composition 
of  the  precipitated  colloid  was  independent  both  of  its  own  concentra- 
tion and  that  of  the  barium  ions,  approximating  in  every  case  to  that 
represented  by  the  formula  QOAs^SglBa. 

Whitney  and  Ober  drew  the  conclusion  that  hydrolysis  of  the 
coagulant  is  effected  by  the  colloid,  the  base  combining  with  the 
sulphide,  the  acid  remaining  in  solution.  This  view  receives  support 
from  the  reseai'ches  of  Bemmelen  (Zeit.  anorg.  Ghem.,  1900,  23, 
321 — 372),  who  found  that  bone  black,  silica,  precipitated  colloids, 
and  porous  materials  generally,  decompose  neuti-al  salts  and  absorb 
the  acid  or  base,  and  from  Billitzer's  observation  that,  in  contact  with 
solutions  of  metallic  salts,  powdered  porcelain  becomes  charged  and 
attracts  the  positive  ion,  thus  rendering  the  solution  acid  (J.  Bellitzer, 
Ghem.  Gentr.,  1903,  ii,  982;  from  Verh.  Vers.  Deutsch.  Naturf.  Aerzte, 

1902,  19 — 21).  Whilst  it  must  be  admitted  that  such  a  hypothesis 
will  account  for  the  facts  observed  by  Whitney  and  Ober,  we  believe 
that  a  simpler  explanation  can  be  found.  In  Trans.,  1892,  61,  114, 
we  showed  that  the  colloidal  sulphides  in  general,  for  example,  those 
of  arsenic,  antimony,  copper,  zinc,  and  mercury,  must  be  regarded  as 
complex  hydrosulphides.  Proceeding  from  this,  we  explain  the 
observed  facts  as  follows  : 

When  a  metallic  salt  is  added  to  arsenious  sulphide,  an  interchange 
takes  place  between  the  metal  of  the  salt  and  the  hydrogen  of  the 
hydrosulphide.  The  extent  to  which  this  interchange  takes  place  is 
governed  almost  entirely  by  mass  action,  as  the  hydrosulphide  itself 
is  insoluble  equally  with  the  metallic  derivatives  in  presence  of  excess 
of  electrolyte,  whether  acid  or  salt. 

We  represent  the  reactions  for  potassium  and  barium  chlorides  as 
follows  : 

mAs2S3,H2S  +  2KCl  :^  mAsgSg.KaS -t- 2HC1 
and 

mAsaSg.HaS  +  BaCla  ^  mAs2S3,BaS -1- 2HC1.  ^ 

In  the  metallic  derivatives,  the  amounts  of  potassium  and  barium  *■ 
are  necessarily  present  in  equivalent  proportions,  and  equivalent  ^ 
amounts  of  hydrochloric  acid  are  formed.     On  treating  one  metallic       '^ 
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derivative  with  excess  of  the  salt  of  another  metal,  an  interchange  of 
metals  is  effected  by  mass  action  (Trans.,  1895,  67,  63,  and  Whitney 
and  Ober,  loc.  cit.).  Salts  of  the  same  group  give  rise  to  similar 
metallic  derivatives — uni-,  bi-,  or  ter-valent  double  sulphides. 
Therefore,  when  salts  of  the  same  group  are  added  successively  to 
produce  coagulation,  the  effect  is  additive,  but  with  salts  of  different 
groups  this  is  not  the  case — one  salt  "  inhibits  "  the  action  of  the 
other  (the  authors,  loc.  cit.). 

If  this  hypothesis  be  a  correct  explanation  of  the  facts,  the  impor- 
tant conclusion  is  reached  that  the  amount  of  metal — barium,  for 
example — associated  with  a  given  weight  of  sulphide  affoi'ds  a  measure 
of  the  complexity  of  the  hydrosulphide  molecule.  We  have  now  to 
consider  the  coagulation  process  in  the  light  of  these  facts. 

Mechanism  of  tJie  Coagulation  Process. 

We  have  already  pointed  out  that  the  extent  to  which  the  hydrogen 
of  the  hydrosulphide  is  replaced  by  a  metal  is  controlled  by  mass  action 
rather  than  by  selective  affinity.  The  chemical  reaction  which  ensues 
on  coagulation  must  therefore  be  considered  as  an  incidental  rather 
than  as  a  controlling  factor.  Such  reactions,  however,  cannot  be 
overlooked,  and  we  now  proceed  to  discuss  their  effect  on  the  coagula- 
tion process  for  salts  of  uni-,  bi-,  and  ter-valent  metals. 

I.  Coagulation  hy  Salts  of  Univalent  Metals. 

(a)  Hydrogen  Salts  (Acids). — An  interchange  of  hydrogen  ions 
between  the  hydrosulphide  and  acid  cannot  affect  the  composition  of 
either.  Consequently,  chemical  reaction  plays  no  part  in  the  coagula- 
tion of  arsenious  sulphide  by  acids,  and  the  coagulation  process  is 
reduced  to  its  simplest  terms,  namely,  the  coagulation  of  the  hydrogen 
derivative  of  arsenious  sulphide  by  a  hydrogen  salt. 

We  showed  (Trans.,  1895,  67,  63)  that  in  this  case  the  coagulating 
power  (of  an  acid)  is  entirely  controlled  by  the  number  of  free  hydro- 
gen ions  present  in  the  sulphide  solution  at  the  moment  of  coagulation, 
and  that  the  relation  p/p'  =  d/d'  is  strictly  true,  where  p  and  ;;'  are  the 
"equivalent"  coagulating  powers  of  two  acids  and  d  and  d'  the 
corresponding  dissociation  values. 

(b)  Metallic  Salts. — Replacement  of  hydrogen  in  the  hydrosulphide 
by  univalent  metals  gives  rise  to  metallic  derivatives  of  the  form 
w(??iAs2S3,M'2S).  At  the  moment  of  coagulation,  the  amount  of  a 
given  univalent  metal  present  will  be  at  least  1000 — 2000  times  the 
equivalent  of  the  hydrosulphide.  Replacement  of  the  hydrogen  will 
here  proceed  to  completion,  as  the  amount  of  acid  produced  is  negligible 
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compared  with  the  mass  of  the  coagulant  used.  In  this  case,  therefore, 
the  coagulation  process  may  be  regarded  as  one  in  which  a  metallic 
derivative  of  arsenious  bydrosulphide  is  coagulated  by  the  correspond- 
ing metallic  salt.  This  conclusion  is  confirmed  by  the  fact  recorded 
by  us  (loc.  cit.)  that  for  salts  of  the  same  (univalent)  metal  the 
relation  j^It'  ~  djd'  holds. 

I .    Coagulation  hy  Salts  of  Bivalent  Metals. 

With  salts  of  bivalent  metals,  the  bydrosulphide  reacts  to  form 
derivatives  of  the  composition  n{mks^^,W"^).  At  the  moment  of 
coagulation,  the  amount  of  a  given  metal  present  will  be  25 — 50 
times  the  equivalent  of  the  hydrosulphide  taken.  Replacement  of  the 
hydrogen  cannot,  therefore,  approach  completion,  as  the  amount  of 
liberated  acid  is  appreciable  as  compared  with  the  mass  of  the  coagu- 
lant. The  coagulum  which  separates  will  contain  some  hydrosulphide. 
For  this  reason,  the  relationship  j^/p' =  cZ/cZ'  is  not  true,  even  for  salts 
of  the  same  (bivalent)  metal. 

III.  Coagulation  hy  Salts  of  Tervalent  Metals. 

No  analysis  was  made  by  Whitney  and  Ober  of  the  coagulum  pro- 
duced by  tervalent  metals,  but  from  the  fact  that  acid  is  found  in 
solution  when  neutral  salts  of  these  metals  are  employed  as  coagu- 
lants, we  infer  that  metallic  derivatives  are  produced  in  this  case 
also— ?z(3mAs2S3,M"'2S3).  At  the  moment  'of  coagulation,  the 
amount  of  metal  present  is  1 — 2  times  the  equivalent  of  the  hydro- 
sulphide taken.  The  complete  interchange  of  metal  for  hydrogen 
would,  in  this  case,  withdraw  practically  the  whole  of  the  metal  from 
the  sphere  of  action  as  a  metallic  hydrosulphide ;  the  weight  of 
tervalent  metal  required  for  the  complete  coagulation  of  arsenious 
sulphide  would  then  be  controlled  by  the  weight  of  hydrosulphide 
present,  and  the  process  of  coagulation  would  resemble  one  of  simple 
precipitation  (compare  p.  1930).  We  find,  however,  that  the  weight 
of  tervalent  metal  decreases  with  increase  of  hydrosulphide.  Inter- 
action must  therefore  be  very  partial.  Thus,  using  a  solution  of 
potassium  alum,  the  following  volumes  were  required  to  co'igulate 
decreasing  weights  of  arsenious  sulphide  at  the  same  final  dilution  : 

Coagulation  of  Arsenious  Sulphide  hy  Salts  of  Tervalent  Metals. 

Weight  in  grams  of  arseuious  sulphide  taken. 

Salt  used.  "0-066.      0-033.      0-016.      0-008.      0-004.      0-002.' 

JVV333-Potassium  alum...     2-05*      1-85        1-80        1-90        1-90        1-95 

*  End  point  difficult  to  determine  exactly  in  this  concentrated  solution. 
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In  the  titration  method  employed  by  vis  (p.  1926)  the  limiting 
strengths  of  sulphide  taken  lie  between  0033  gram  and  0*008  gram 
for  a  final  dilution  of  20  e.c.  Between  these  limits,  we  find  that  the 
relation  between  the  coagulating  powers  of  uni-,  bi-,  and  ter-valent 
metals,  p-^,  p^,  p)^,  is  expressed  by  the  relation 

P\  '•P-2  '-P?,    ^    1  :x  ix^ 
(see  p.  1918). 

As  regards  the  opei'ation  of  other  factors  : 

The  amount  of  a  given  salt  required  for  coagulation  is  proportional 
to  the  dilution  of  the  sulphide  at  the  moment  of  separation.     Thus  : 

Dilution,  31  c.c.         Volume  of  iV7166  Al2(SOj3         1-25  e.c. 
62    „  „  "^         2-25    „ 

The  required  concentration  of  the  salt  is  generally  diminished  by 
rise  of  temperature.  Thus,  at  15°  and  70°,  the  volume  of  iV/25  calcium 
chloride  was  3  "85  and  2*30  c.c.  respectively,  the  latter  representing  a 
decrease  of  40  per  cent. 

Similar  results  were  obtained  with  calcium  nitrate,  hydrochloric 
acid,  strontium  nitrate,  and  aluminium  sulphate.  On  the  other  hand, 
the  reverse  effect  was  noticed  with  ammonium  chloi-ide,  sulphuric 
acid,  and  ammonium  sulphate.  Thus,  at  13°  and  61°,  the  volume  of 
iV/2  ammonium  chloride  was  3*47  and  4*44  c.c.  respectively,  the  latter 
representing  an  increase  of  28  per  cent. 

Addition  of  a  large  proportion  of  alcohol  reduces  the  amount  of  salt 
required.  Thus,  alcohol  absent,  4-5  c.c.  of  iV/25  strontium  chloride, 
whilst  with  40  and  63  per  cent,  present  the  volumes  of  this  solution 
were  4-6  and  1-2  c.c.  respectively. 

Many  physicists  have  sought  to  explain  the  mechanism  of  the 
coagulation  process.  The  various  hypotheses  are  all  based  on 
Quincke's  theory  (Joe.  cit.)  that  a  discontinuity  of  potential  exists 
between  a  fluid  and  the  solid  particles  suspended  in  it  by  virtue  of 
which  there  is  developed  on  the  particle  and  the  surrounding  fluid  a 
double  layer  of  positive  and  negative  electricity  which  encloses  the 
particle,  as  it  were,  in  a  double  shell. 

Jean  Bellitzer  {Zeit.  physikal.  Chem.,  1903,  45,  307)  considers 
that  the  negative  or  positive  ion  acts  as  a  nucleus  round  which  the 
oppositely  charged  particles  of  the  colloid  collect,  the  precipitate  being 
thrown  down  when  aggregation  exceeds  a  certain  limiting  value 
depeodent  on  the  conditions. 

Eduard  Jordis  {Zeit.  Elehtrochem.,  1904,  10,  509)  regards 
colloids  generally  as  the  final  result  of  continued  hydrolysis.  The 
hydrosol  has  an  electric  charge.  This  determines  its  surface  tension, 
which  for  stable  equilibrium  must  be  equal  to  that  of  the  liquid.     The 
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formation  of  the  hydrogel  is  attributed  to  the  charge  changing  with 
the  altered  conditions  induced  by  the  presence  of  electrolytes. 

Important  contributions  to  the  subject  have  been  made  by 
W.  B.  Hardy  and  by  W.  C.  D.  Whetham.  Hardy  {Proc.  Roy.  Soc, 
1900,  QQ,  95,  110)  regards  the  irreversible  hydrosols  of  the  silicic 
acid  type  as  systems  composed  of  solid  particles  dispersed  through  a 
solution  of  the  substance  of  the  solids  in  the  water.  The  stability  of 
the  system  is  related  to  the  contact  difference  of  potential  which  exists 
between  the  solid  and  the  fluid  phases.  This  stability  is  destroyed  by 
altering  the  difference  of  potential.  As  the  "  isoelectric "  point  is 
neared,  the  stability  of  the  hydi'osol  diminishes,  until  at  the  "  iso- 
electric "  point  the  stability  vanishes  and  coagulation  or  precipitation 
ensues.  In  the  coagulation  of  a  colloid  by  metallic  salts,  the  active 
agents  are  free  ions  carrying  a  static  charge. 

Whetham  {Fhil.  Mag. ,1899, 48,  474)  has  developed  these  ideas  mathe- 
matically. He  deduces  the  relationship  ^:)j  :p2  •^^3=  1 '^  :  ^^  where 
Pv  Ih'  Pi  ^^^  ^^^  coagulative  powers  of  uni-,  bi-,  and  ter-valent  ions 
respectively.  This  investigator  considers  that  the  coagulation  values 
published  by  Schulze  (J.  pr.  Ghem.,  1882,  25,  431  ;  ibid.,  1883,  27, 
320)  and  by  the  authors  (Trans.,  1895,  67,  63)  support  his  con- 
clusions. 

For  uni-,  bi-,  ter-,  and  quadri-valent  ions,  Whetham  deduces  the 
relation  Pi'-p~2'-I>z'-Pi—^  :  x\x^  :  x^. 

We  have  determined  the  approximate  coagulative  powers  of  two 
tetrads  :  platinum  in  its  chloride  (PtCl^)  and  zirconium  in  its  sulphate 
[Zr(S04)2].  No  coagulation  of  arsenious  sulphide  could  be  obtained 
by  means  of  iVyi6  PtCl^,  the  solution  remained  clear  and  yellow. 
With  a  concentrated  solution  of  the  chloride  (1  gram  /3  c.c.)  some 
coagulum  separated,  but  the  solution  rapidly  darkened,  indicating 
that  chemical  reaction  of  some  kind  was  taking  place.  No  coagula- 
tion of  arsenious  sulphide  could  be  obtained  with  Nj^  Ziv{^0^^. 

The  coagulating  power  of  solutions  of  tervalent  metals  is  not, 
therefore,  30,000  times  as  great  as  that  of  the  equivalent  univalent 
solution  as  Whetham's  theory  would  lead  us  to  expect. 


Section  II. 

The  Physical  and   Chemical  Pi'operties  of  Colloidal  Ferric  Hydroxide. 

It  is  generally  recognised  that  colloid  solutions  are  extremely  diffi- 
cult to  free  from  foreign  salts  introduced  during  their  preparation. 
Colloidal  ferric  hydroxide  is  no  exception  to  this  rule.  On  dialysis 
of  a  solution  of  ferric  hydroxide  in  ferric  chloi-ide  for  61  days  with 
continual  renewal  of  the  water,  we   were  still  able  to  detect  hydro- 


SOLUTION   AND    PSEUDO-SOLUTJON,      PART   IV.  1919 

chloric  acid  in  the  dialysate,  while  on  another  occasion  decided  traces 
of  chlorine  could  be  detected  in  the  dialysed  product  itself  after  210 
days'  dialysis.  These  facts  suggested  to  us  that  the  so-called  "  ferric 
hydroxide "  was  a  hydroxychloride,*  not  a  hydrate  associated  with 
ferric  chloride  or  with  free  hydrochloric  acid,  and  indicated  that  a 
study  of  its  properties  might  assist  in  throwing  light  on  the  vexed 
question  of  colloid  structure.  The  results  of  our  investigation  are 
summarised  in  the  following  pages. 

The  various  samples  of  "  ferric  hydroxide  "  examined  were  all  pre- 
pared by  dialysis  in  the  cold.  About  250  c.c.  of  the  liquid  were 
dialysed  at  a  time  into  2|  to  3  litres  of  distilled  water ;  the 
outer  liquid  was  renewed  during  the  first  fortnight  from  day  to  day, 
later  at  longer  intervals.  At  all  stages  of  the  process,  free  hydrochloric 
acid  was  found  in  the  dialysate,  at  first  associated  with  ferric  chloride, 
later  in  the  free  state.  The  proportion  of  hydrochloric  acid  to  iron 
in  the  dialysate  increased  so  rapidly  from  day  to  day  that  by  the  end 
of  the  sixth  day  it  was  often  impossible  to  detect  the  presence  of  iron 
in  the  water  even  by  the  most  delicate  tests.     Thus  ; 


Fe.  HCl. 


In  the  ferric  chloride  used      56 

In  the  dialysiite,  after  24  hours      56 

,,  ,,         48  hours 56 

„  „        120  hours 56 

,,  „        168  hours absent 


109-5 
137 

600 
1086 
distinct  traces. 


Methods  of  Analysis. — The  following  methods  were  employed  for  the 
analysis  of  the  dialysed  products  : 

Chlorine. — Ten  to  50  c.c.  of  the  sample  were  diluted  to  about  100 
c.c.  in  a  porcelain  dish  and  coagulated  by  addition  of  a  decided 
excess  of  sodium  carbonate  solution.  The  liquid  was  then  boiled, 
filtered,  washed  twice  with  boiling  water,  and  the  precipitate  again 
returned  to  the  dish,  where  the  boiling  was  repeated  with  addition  of 
more  sodium  carbonate.  The  filtrate  from  the  two  operations  was 
cooled,  neutralised  by  nitric  acid,  and  titrated  with  iY/ 10  silver  nitrate 
using  chromate  indicator.  A  blank  experiment  was  made  under  the 
same  conditions  to  determine  the  necessary  correction. 

Iron. — Ten  c.c.  were  diluted,  boiled  with  excess  of  strong  hydrochloric 
acid,  reduced  with  stannous  chloride,  and  the  ferrous  iron  estimated  in 
the  usual  way  by  titration  with  i\^/10  dichromate. 

The  results  of  the  various  analyses  are  given  in  Table  I. 

*  A  similar  conclusion  was  reached  by  Hantzsch  and  Descli  {Annalen,  1902,  323, 
1—31)  ;  Rudolf  Ruer  {Zeit.  anorg.  Chcm.,  1905,  43,  85—93),  on  the  other  baud, 
regards  the  chlorine  as  present  in  the  form  of  hj'drochloric  acid  or  metallic  chloride 
or  dissociated  oxychloride. 
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The  relation  Fe  :  CI  has  been  expresf^ed  in  formulse  in  the  fifth 
column  to  enable  the  meaning  of  the  figures  to  be  grasped  more  easily. 
In  no  case  were  we  able  to  eliminate  completely  the  chlorine  by 
hydrolysis.  In  solution  B(2),  after  nine  days'  dialysis,  the  amount  of 
chlorine  corresponds  approximately  to  the  formula  ^i[20Fe(OH)g,FeCl3], 
molecular  weight,  w  x  2302 ;  after  37  days,  to  n[ib{¥eO^)^,^eQ\X 
molecular  weight,  n  x  4977.  Analysis  of  the  sample  subsequent  to 
this  date  indicated  no  appreciable  loss  of  chlorine  up  to  the  61st 
day,  but  faint  ti^aces  could  still  be  detected  qualitatively  in  the 
dialysate.  After  210  days,  the  dialysis  was  stopped.  A  large  pro- 
portion of  the  colloid  had  then  separated  as  a  transparent  jelly  ;  this 
jelly  contained  chlorine  in  amount  corresponding  to  the  hydroxy- 
chloride,  «[162Fe(OH)3,FeCl3],  molecular  weight,  n  x  17,496. 

It  is  interesting  to  note  that  solution  B(5) — n[139Fe(OH)3,FeCl3] 
— diffused  slowly.  This  indicates  that  hydrolysis  is  not  attended  by 
marked  aggregation — the  power  to  diffuse  only  characterises  the 
highest  grades  of  colloid  solution.  As  regards  the  general  properties 
of  the  various  preparations  : 

Solution  A  revealed  no  solid  particles  to  a  magnifying  power  of  600 
diameters  (one-tenth  obj.).  Viewed  by  reflected  light,  it  exhibited 
a  brown  fluorescence ;  seen  by  transmitted  light,  the  colour  resembled 
that  of  methyl-orange  solution.  Its  chemical  and  physical  properties 
closely  resembled  those  of  B(l),  but  it  was  non-filterable  through  a 
porous  pot. 

Solution  C  was  non-homogeneous.  A  magnifying  power  of  600 
diameters  revealed  numberless  granular  aggregates  of  all  sizes  and 
rates  of  movement.  On  standing,  the  particles  settled  at  unequal 
rates,  causing  the  liquid  to  assume  a  stratified  appearance.  Aggrega- 
tion was  not  hastened  by  freezing  and  remelting  the  solution. 

Solutions  D  and  E  resembled  B(l)  in  their  general  properties. 
Both  diffused. 

Solutions  B(l)  and  (4)  were  the  highest  grades  obtained  ;  they  were 
identical  in  appearance  and  physical  properties.  The  special  investiga- 
tions which  follow  were  carried  out  on  one  or  other  of  tliese  solutions  ; 
throughout,  for  the  sake  of  abbreviation,  the  term  "  ferric  hydroxide  " 
is  used  in  place  of  "  hydroxy-compound." 


Fillration  through  a  Porous  Cell. 

Although  we  applied  this  method  in  1892  (lac.  cit.)  to  obtain  an 
appi'oximate  measure  of  the  relative  size  of  various  colloid  aggregates, 
yet  it  must  nevertheless  be  considered  somewhat  unreliable  in  its  indica- 
tions. Earthenware  is  by  no  means  wholly  insoluble  in  water  and,  in 
addition,  contains  soluble  constituents,  for  example,  calcium  sulphate, 
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which  are  active  coagulants  of  colloids  even  in  highly  dilute  solution. 
Such  constituents  are  exceedingly  hard  to  remove  from  porous  cells 
even  with  the  aid  of  acids.  Indeed,  in  no  case  have  we  been  able  to 
eliminate  them  entii*ely,  even  by  the  most  prolonged  extraction. 

The  failure  of  a  colloid  to  pass  through  a  porous  pot  cannot,  there- 
fore, be  considered  conclusive  evidence  that  the  colloid  particles  have  a 
diameter  greater  than  that  of  the  capillai-y  channels  they  seek  to 
traverse.  On  the  other  hand,  j)Ositive  results  are  of  value,  and  when 
compai'ative  filtrations  of  two  grades  of  the  same  colloid  are  con- 
ducted on  the  same  pot,  we  are  justified  in  concluding  that  if  one  solu- 
tion is  filterable  and  the  other  is  not,  the  filterable  sample  contains 
the  smaller  particles. 

In  the  present  research,  white  pots  were  used,  which  were  cleansed 
before  use  by  filtration  under  pressure.  In  some  cases,  cold  water 
alone  was  employed,  in  others  washing  with  water  was  preceded  by 
extraction  with  10  per  cent,  hydrochloric  acid.  In  the  latter  case, 
it  was  noticed  that  minute  traces  of  hydrochloric  acid  appeared  to  be 
retained  by  the  pot.  Extraction  with  cold  water  failed  to  remove 
this  acid,  but  on  using  dilute  ammonium  sulphate,  hydrochloric  acid 
appeared  in  the  filtrate.  Otherwise  the  behaviour  of  all  the  pots  was 
entirely  consistent.  Hesults  ai-e  summarised  as  follows : 
Filtrations  at  0°. — Solution  B(l)  filterable. 

Filtrations  at  15°. — Solution  B(l)  filterable ;  solution  A  non-filter- 
able ;  solution  B(l)  became  non-filterable  on  adding  to  it  one-sixth  of 
the  total  amount  of  sodium  chloride  required  to  produce  coagulation. 
This  amount  of  chloride,  although  sufficient  to  render  the  ferric 
hydroxide  non-filterable,  was  insufficient  to  coagulate  the  solution  even 
on  boiling  ;  nor  did  it  become  cloudy  on  keeping  many  days.  The 
aggregation  of  the  colloidal  particles  could  not  therefore  have  pro- 
ceeded far  (see  also  p.  1904). 

Filtrations  at  80 — 90°. — Solution  B(l)  non-filterable.  Much  calcium 
chloride  in  the  filtrate.  Calcium  sulphate  in  the  pot  has  evidently 
coagulated  the  hydroxide. 

Osmotic  Pressure. — Prolonged  attempts  were  made  to  determine  the 
osmotic  pressure  of  the  various  grades  of  solution  prepared  by  us 
by  both  the  methods  described  on  p.  1909.  In  no  case,  however,  could 
consistent  results  be  obtained.  Readings  taken  with  water  alone 
before  and  after  use  with  the  colloid  showed  wide  divei^gence.  Thus, 
with  the  special  cell  figured  on  p.  1909  : 

Gauge  reading  before  use  with  colloid,  5-95  ;  after,  5-06  cm. 
with  colloid  B(4),  (i)  4-96 ;  (ii)  4-56. 

The  colloid  solution  dift'used  readily  after  use  in  the  ceil,  and  there- 
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fore  suffered  no  aggregation  by  contact  with  the  mercury  and  dialysis 
parchment. 

Freezing  Point  and  Vapour  Pressure. — Several  investigators  have 
sought  to  arrive  at  the  molecular  weight  of  colloidal  ferric  hydroxide 
by  a  comparison  of  the  freezing  point  and  vapour  pressure  of  the 
solution  with  that  of  the  dialysate  in  equilibrium  with  it.  The  observed 
differences  are  too  minute,  however,  to  afford  any  certain  quantitative 
data  fdl-  the  desired  calculation.     Thus  : 

F.  Krafft  {Ber.,  1899,  32,  1608—1622)  showed  that  a  colloidal  ferric 
hydroxide  containing  3'38  per  cent,  of  ferric  hydroxide  and  0'098  per 
cent,  of  ferric  chloride  [52Fe(OH)3,FeCl8]  froze  within  0-001°  of  the 
freezing  point  of  pure  water. 

Bruni  and  Pappadd  {Atti  R.  Accad.  Lincei,  1900,  [v],  9,  i,  354—358) 
found  that  the  differences  between  the  freezing  points  of  the  colloid  and 
dialysate  were  vei'y  small  and  in  both  senses,  and  within  the  limits  of 
experimental  error.  Negative  results  were  also  obtained  by  the  vapour 
tension  method. 

Gladstone  and  Hibbert^  (C/iem.  Centr.,  1889,  2,  189;  Phil.  Mag., 
1889,  28,  38)  obtained  results  by  the  freezing-point  method  which 
indicate  that  the  molecular  weight  of  ferric  hydroxide  is  about  5000. 

No  determinations  have  been  made  by  ourselves,  but  it  is  interesting 
that  analysis  points  to  a  formula  45Fe(OH)g,FeCl3  (mol.  wt.  5000) 
for  the  product  B(2)e,  Table  I,  which  is  the  compound  usually  obtained 
l)y  lengthy  dialysis. 

Volume  Change  on  Coagulation.  —The  apparatus  employed  was  that 
figured  on  p.  1907  ;  10  c.c.  of  the  coagulant  were  used  with  150  c.c.  of 
the  colloid,  the  final  dilution  being  160  c.c.  in  each  experiment.  Two 
coagulants  were  tried — dN  sodium  chloride  and  JV/2  ammonium 
sulphate.  The  former  salt  has  no  chemical  action  on  the  hydroxy- 
chloride,  the  latter  converts  it  into  the  hydroxysulphate.  In  both 
cases,  the  volume  change  is  positive  in  sign  and  exceeds  the  limits  of 
experimental  error. 

Vohime  Change  on  Coagulation  of  Ferric  Hydroxide. 
Volume  alteration. 


Water. 

Expansiou. 

(&.) 

{a-b.) 

0-0836  c.c. 

.  0-0046  c.c. 

0-0089   ,, 

0-0177   „ 

0-0089    ,, 

0-0241    „ 

Ferric  hydroxide  Coagulant  used.       Ferric  hydroxide. 

taken.  10  c.c.  [a.) 

B(4).  1-36  grams  3A"  Sodium  chloride -0-0790  c.c.    - 

1-36      „  A72  Ammonium  sulphate   +0-0088   ,,      - 

2-04      ,,  ,,  „  +0-0152    ,,      - 

Surface  Tension. — So  far  as  could  be  ascertained  with  the  instrument 
employed,  the  surface  tension  of  water  is  unaffected  by  the  dissolved 

*  The  solution   employed   contained   chloride   corresponding   to  the   compound 
15Fe(OH)3,FeCl3. 


1924  LINDER   AND   PICTON  : 

ferric  hydroxide.  The  instrument  (Trans.,  1895,  67,  63)  consisted 
of  a  capillary  tube  graduated  in  mm.,  and,  to  avoid  the  eflfect  of 
irregularities  in  the  bore,  the  tube  was  so  arranged  that  the  liquid 
always  stood  at  the  same  division.  The  tube  was  water-jacketed  to 
minimise  temperature  variations.  With  this  instrument,  a  2 "72  per 
cent,  solution  of  ferric  hydroxide  gave  a  capillary  rise  of  {a)  378'9, 
(b)  379-0,  the  calculated  rise  being  378-8,  the  mean  difference  being 
+  0-15  mm.  With  arsenious  sulphide,  the  mean  difference  with  the 
same  tube  was  -  0-2  mm.  {loc.  cit.). 

Microsco2iical   Work. 

Coagulation  hy  Electrolytes. — With  a  dilute  solution  of  ferric  hydroxide, 
a  well-defined  "  wave"  of  coagulation  can  be  induced  in  the  solution  by 
placing  a  di'op  of  N\\^  ammonium  sulphate  on  the  slide  in  contact 
with  the  edge  of  the  cover-slip.  With  ferric  hydroxide,  the  coagulation 
process  proceeds  so  rapidly  to  completion  as  to  render  exact  observ- 
ation of  the  genesis  and  development  of  the  granules  a  matter  of 
extreme  difficulty :  the  line  of  demarcation  between  solution  and 
coagulum  is  throughout  extremely  well  defined  ;  beyond  the  line  of 
solid  hydrogel  lies  the  clear  yellow  field  of  the  hydrosol  devoid  of 
visible  particles;  at  the  "wave"  front  itself,  the  growth  of  the 
hydrogel  is  clearly  visible  in  the  mutual  association  of  granular  masses 
of  considerable  size  in  slow  movement,  but  the  genesis  of  these 
larger  masses  from  smaller  particles  proceeds  too  rapidly  for  the  eye  to 
follow.  An  attempt  was  made  to  trace  this  development  by  adding  to 
a  dilute  solution  of  ferric  hydroxide  successive  small  amounts  of  a 
coagulant  up  to  the  point  at  which  particles  first  became  visible  to  the 
eye.  After  each  addition  of  salt,  a  sample  of  the  liquid  was  with- 
drawn for  examination  under  a  magnifying  power  of  600  diameters, 
but  without  success,  the  passage  of  the  hydrosol  into  the  hydrogel 
state  being  practically  instantaneous.  It  was  found  possible,  however, 
by  reversing  the  procedure,  to  obtain  some  conception  of  the  process. 
If  the  coagulum  obtained  by  the  addition  of  excess  of  iV/2  sodium 
chloride  to  ferric  hydroxide  is  washed  by  decantation,  a  process  of 
deaggregation  takes  place,  the  extent  of  which  is  controlled  by  the 
amount  of  sodium  chloride  remaining  in  the  solution.  The  granular 
hydrogel  disintegrates  first  into  large  aggregates  in  slow  Brownian 
movement,  then  into  smaller  aggregates  in  rapid  movement  until  the 
particles  become  too  small  to  see — the  hydrogel  has  been  resolved  into 
the  hydrosol. 

The  process  of  aggi-egation  and  deaggregation  therefore  appears  to  be 
continuous  here,  as  in  the  case  of  arsenious  sulphide,  and  aggregation 
commences  with  the  first  addition  of  an  electrolyte.     This  is   clearly 
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proved  by  the  fact  that  an  amount  of  ammonium  chloride  only  1  per 
cent,  of  that  required  for  coagulation  diminishes  the  rate  of  diffusion 
of  ferric  hydi'oxide  to  less  than  a  fourth. 

No  change  was  observed  in  the  Brownian  movement  of  isolated 
granules,  Avhen  a  tube  containing  6'7  milligrams  of  pure  radium 
bromide  was  brought  into  their  immediate  vicinity  ;  nor  did  a  sample 
of  ferric  hydroxide  change  in  appearance  when  the  same  tube  was 
immersed  in  the  solution  for  twenty-four  hours. 

Coagulation  hy  Electricity. 

Ferric  hydroxide  is  electro-positive.  It  is  repelled  from  the  anode 
and  coagulates  on  the  cathode.  At  the  same  time,  traces  of  free 
chlorine  appear  at  the  anode.  The  presence  of  this  chlorine  is 
attributed  to  electrolysis  of  hydrochloric  acid  foi'med  in  the  solution 
by  hydrolysis,  and  not  to  ionic  dissociation  of  the  hydroxychloride  ; 
the  coagulum  which  separates  on  the  cathode  is  hydroxvchloride,  not 
hydroxide.  If  the  repulsion  is  carried  out  in  a  U-tube  plugged  at 
the  bend  with  cotton-wool,  marked  endosmose  occurs,  the  level  of 
liquid  in  the  anode  limb  in  one  experiment  rising  to  a  height  of 
17  mm.  above  that  in  the  cathode  with  a  potential  difference  of  less 
than  8  volts.  These  facts  have  been  substantiated  by  a  study  of  the 
repulsion  phenomena  under  the  microscope.  The  apparatus  employed 
was  that  figured  on  p.  1912. 

1.  Alcohol  Absent. — On  completing  the  circuit,  the  hydroxide  is 
driven  away  from  the  anode,  leaving  the  liquid  adjacent  to  the  pole 
clear  and  colourless.  At  the  cathode,  the  colour  at  once  deepens, 
indicating  that  concentration  of  the  colloid  is  taking  place  ;  granules 
of  large  size  then  appear  at  the  pole,  and  attach  themselves  to  it  and 
to  one  another,  forming  a  granular  hydrogel,  which  continues  to  grow 
until  the  whole  field  is  filled  with  a  dense  opaque  coagulum.  With 
the  highest  grade  solutions,  for  example,  B(l),  no  particles  are  visible 
in  the  solution  until  the  mature  granules  appear  at  the  cathode.  With 
the  low  grade  solution,  C,  the  phenomena  are  much  more  striking  : 
a  stream  of  particles  rushes  towai-ds  the  cathode,  granules  and  granular 
masses  of  all  sizes  showering  down  on  the  pole  like  hailstones. 

2.  Alcohol  Present. — The  solution  examined  was  prepared  by  adding 
a  drop  of  solution  B(l)  to  excess  of  "  absolute  "  alcohol.  The  coagulum 
that  separates  on  the  cathode  is  horn-like  in  appearance.  No  granules 
are  visible  in  the  liquid  at  any  stage,  and  no  granular  structure  could 
be  detected  in  the  coagulum  with  a  magnifying  power  of  600  diameters. 
On  reversing  the  poles,  cracks  appear^  in  the  coagulum  and  masses 
break  off  and  are  repelled. 
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Coagulation  of  Ferric  Hydroxide  by  Electrolytes. 

If  to  a  solution  of  feri-ic  liydroxide  (hydroxychloride)  we  add  a 
sufficient  amount  of  a  metallic  salt,  a  coagulum  separates,  leaving  the 
supernatant  liquid  clear  and  colourless.  This  clear  liquid  is  found  to 
be  neutral  and  to  contain' chlorine  in  combination  with  the  metal  of 
the  salt.  The  coagulum  contains  the  whole  of  the  iron  in  the  form  of 
a  hydroxy-compound  in  which  the  greater  part  of  the  chlorine  has 
been  replaced  by  an  equivalent  amount  of  negative  ion  from  the 
coagulant.  If  the  corresponding  hydroxybromide  (D),  or  hydroxy- 
nitrate  (E)  be  taken,  the  supernatant  liquid  is  found  to  contain  neutral 
bromide  or  nitrate.  An  ionic  interchange  takes  place  analogous  to 
that  observed  when  arsenious  sulphide  is  coagulated  by  metallic  salts, 
only  in  the  latter  case  the  interchange  takes  place  between  +  ions, 
in  the  former  between   -  ions. 

The  titration  method  used  for  determining  the  relative  coagulative 
power  of  salts  towards  ferric  hydroxide  was  that  formerly  described 
(Trans.,  1895,  67,  63),  the  end-point  being  determined  by  the 
passage  of  the  soluble  hydrosol  into  the  insoluble  hydrogel  under 
constant  conditions  of  temperature,  dilution,  and  time  of  contact. 

Metallic  salts  are  found  to  arrange  themselves  in  sharply-divided 
groups  as  regards  their  power  of  coagulating  ferric  hydroxide.  The 
group  into  which  a  metallic  salt  is  placed  depends  on  the  nature  of  the 
acid.  Dissociated  acids,  for  example,  hydrochloric  acid,  readily 
coagulate  ferric  hydroxide  ;  undissociated  acids,  on  the  other  hand, 
for  example,  acetic  acid,  are  non-coagulants  even  when  highly 
concentrated. 

In  the  table  on  p.  1928  and  1929  the  comparison  is  made  between  the 
"  equivalent  "  molecular  weights.  In  this  table,  the  relative  quantities 
needed  for  coagulation  are  given,  the  solutions  being  of  "equivalent" 
molecular    strength    and    referred    to    potassium   chromate   as    unity. 

Thus,   1   gram-equivalent  of  potassium   chromate  (     ^^^-^)    has    the 

same  coagulative  power  as  280  gram-equivalents  of  jjotassiiim  chloride 
(KCl)  and  73  gram-equivalents  of  potassium  formate  (HCOoK).'  The 
"equivalent"  coagulative  power  of  a  salt  will  be  invei\sely  px^opor- 
tional  to  the  number  given. 

We  distinguish  broadly  three  groups  : 

Group  I. — (a)  Salts  of  Inorganic  Monobasic  Acids. 

Chlorides,  bromides,  &c.     Average  coagulative  power,  1. 
(6)  Salts  of  Inorganic  Tribasic  Acids. 

Phosphates,  arsenates.     Average  coagulative  power,  1. 
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Group  II. — 6'a/ts  of  Monobasic  Organic  Acids. 

Formates,  acetates,  &c.     Average  coagulative  power,  8. 

Group  III. — Dibasic  Acids  generally/  and  Hydroxides. 

Sulphates,  tartrates,  &c.  Average  coagulative  power,  240. 

We  now  consider  each  of  these  groups  in  detail  : 

Group  I.   {a)  (b). — Salts  of  Inorganic  Monobasic  and  Tribasic  Acids. 

The  end-point  is  generally  difficult  to  determine  ;  this  may  account 
for  some  of  the  vaxiations  noticed.  Coagulation  is  accompanied  by 
the  replacement  of  70  to  80  per  cent,  of  the  total  chloride. 

Thus,  with  iV/2  potassium  nitrate  : 

Chlorine  as  potassium  chloride  after  coagulation 
(coagulum  washed  cold).  By  titration  with 
iV^/10  silver  nitrate  =0-0087  gram. 

Totiil  chlorine  extracted  by  boiling  with  sodium 

carbonate  •■ =0'0124      „ 

If  a  salt  be  added  in  quantity  insufficient  to  produce  coagulation 
and  the  liquid  be  dialysed,  neutral  chloi'ide  will  appear  in  the  dialysate. 
This  indicates  that  replacement  of  the  chlorine  precedes  coagulation.* 
The  amount  of  salt  present  at  the  moment  of  coagulation  is  about 
200  times  the  equivalent  of  the  total  chlorine  in  the  hydroxychloride 
taken.  The  coagula  (a)  are  all  readily  soluble  in  water  on  washing 
by  decantation  or  on  the  filter  ;  coagula  -(6)  dissolve  very  slowly. 
Sodium  hydroxide  and  platinic  chloride  give  anomalous  results. 
Under  certain  conditions,  the  value  for  sodium  hydroxide  agrees  with 
that  of  the  hydroxides  in  Group  III,  but  in  general  the  higher  number 
(305)  is  obtained.  This  points  to  the  formation  of  a  colloidal  ferrate 
also.     The  figure  for  platinic  chloride  places  it  in  Group  II  (p.  1915). 

Group  II.  Salts  of  Monobasic  Organic  Acids. 

The  end-point  is  easy  to  determine.  On  coagulation,  70 — 80  per 
cent,  of  the  chloi'ine  appears  in  solution  as  neutral  chloride.  Thus, 
with  iV/8  sodium  acetate  : 

Chlorine  as  sfediuni  chloride  in  the  solution       —  0  0088  gram. 
Total  chlorine     =0-0124      „ 

On  washing,  the  coagula  dissolve  with  difficulty.  The  amount  of 
salt  present  at  the  moment  of  coagulation  is  20  to  30  times  the 
equivalent  of  the  chlorine  present  as  hydroxychloride. 

*  Such  replacement,  however,  cannot  be  the  cause  of  coagulation,  as  hydrogen 
chloride  will  coagulate  a  solution  of  the  hydroxychloride,  just  as  hydrogen  chloride 
will  coagulate  the  hydrosulphide  of  arsenic  (p.  1915). 
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Group  III.   Salts  of  Dibasic  Acids  and  Hydroxides. 

The  end-point  is  easy  to  determine.  On  coagulation,  65 — 70  per 
cent,  of  the  chlorine  appears  in  solution  as  neutral  chloride.  The 
coagula  are  insoluble  in  water  under  all  conditions.  The  amount  of 
coagulant  required  for  coagulation  is  equivalent  to  the  chlorine 
replaced.     Thus,  with  iV/10  ammonium  sulphate  : 

Volume  of  .salt  required  ...    =2-08  c.c.  =  0"0073  gram  of  chlorine. 
Chlorine  in  filtrate  (coagulum  washed  cold). 

By  iY/10  silver  nitrate =  0-0074  gram. 

Total  chlorine  extracted  by  sodium  carbonate    =0*0111      „ 

Replacement  of  CI  by  SO^  occurs,  but  the  colloid  coagulates  even 
before  this  replacement  is  complete.  In  fact,  the  result  in  this  case 
is  much  more  like  that  of  ordinary  precipitation.  On  the  other  hand, 
the  precipitation  does  not  take  place  until  a  definite  proportion  of  the 
total  chlorine  has  been  replaced  by  SO^.  Each  drop  of  ammonium 
sulphate  produces  a  precipitate,  as  each  di-op  of  silver  nitrate  produces 
a  precipitate  with  a  chloride,  but  the  precipitated  hydroxysulphate 
reacts  with  excess  of  hydroxychloride  present  to  form  a  more  stable 
derivative  containing  less  sulphate  and  more  chloride.  The  coagulum 
which'  finally  separates  is  insoluble  in  water  ;  it  is  readily  soluble  if 
digested  with  hydroxychloride. 

An  important  difference  therefore  exists  between  the  salts  of  groups 
I  and  II  and  those  of  group  III.  With  the  two  former,  the  amount 
of  dilation  is  the  controlling  factor,  with  the  latter  the  amount  of 
replaceable  chlorine.  This  is  clearly  seen  from  the  results  given  in 
Tables  III  and  lY. 

Table  III. — Effect  of  Increasing  Dilution. 


Group      I. 
Group  III. 

Salt. 
i\72  SodiuiH  eliloride     

Dilution. 
34  c.c. 
44   ,, 
33   ., 
66   „ 

Vohune  of  .salt 

necessary 

for  coagulation 

13-8  c.c.  \ 

16-3    .,  / 

4-22.,  \ 

4-20  „  J 

37200  Ammonium  liydroxide... 

An  increase  of  30  per  cent,  in  the  dilution  Avith  sodium  chloride 
requires  an  increase  of  18  per  cent,  in  the  concentration  of  the  salt 
for  coagulation. 

An  increase  of  100  per  cent,  in  the  dilution  with  ammonia  requires 
no  increase  in  the  coagulant. 
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Table  IV. — Effect  of  Increasing  the  Amount  of  Replaceahle  Chlorine. 

Ferric  Volume  of  salt 

Salt.  hydroxide.  Water.  for  coagulation. 

Group      I.   >^72  Sodium  chloride     .3  c.c.  17  c.c.  13-8c.c."| 

6    ,,  13    „  14-4    ,,  / 

Group  III.  iV/200  Ammonium  livdroxide.     3    ,,  26    ,,  4-22,,  \ 

6    „  20    ,,  7-95  „  / 

An  increase  of  100  per  cent,  in  the  replaceable  chlorine  do?s  not 
markedly  affect  the  amount  of  sodium  chloride  required  for  coagulation  ; 
it  causes  an  increase  of  nearly  90  per  cent,  in  the  amount  of 
ammonium  hydroxide  required. 

As  regards  the  operation  of  other  factors,  we  find  that  addition  of 
alcohol  and  rise  of  temperature  both  lower  the  concentration  of  salt 
necessary  for  coagulation.  The  effect  of  coagulation  by  successive 
additions  of  different  salts  is  additive  with  salts  of  the  same  group ; 
with  salts  of  different  groups,  there  is  evidence  of  interference. 

A  consideration  of  the  facts  we  have  presented  leads  to  the  con- 
clusion that,  although  the  coagulation  phenomena  of  ferric  hydroxide 
by  metallic  salts  are  closely  analogous  to  those  of  arsenious  sulphide, 
the  specific  action  of  the  coagulants  is  obscured  in  the  former  case  by 
the  chemical  reactions  which  ensue.  No  simple  quantitative  relation- 
ship can  therefore  be  established  between  the  coagulative  powers  of 
the  three  groups  into  which  the  salts  can  be  broadly  arranged. 

The  behaviour  of  electrolytes  towards  feriic  hydroxide  has  also 
been  closely  studied  by  Hardy  {Froc.  Roy.  Soc,  1900,  QQ,  95,  HO), 
who  was  the  first  to  publish  the  results  of  detailed  coagulation  ex- 
periments on  this  colloid.  His  results  are  in  general  agreement  with 
our  own. 

Section  III. 
Dyeing,  a  Phase  of  Coagulation. 

"We  showed  (p.  1930)  that  when  a  solution  of  "  fei'ric  hydroxide  " 
(hydroxychloride)  is  exactly  coagulated  by  a  dilute  solution  of 
ammonium  sulphate,  the  whole  of  the  iron  and  sulphuric  acid  separate 
as  an  insoluble  hydroxysulphate,  whilst  an  equivalent  amount  of 
ammonium  chloride  remains  in  solution. 

If  in  place  of  ammonium  sulphate  we  use  a  solution  of  "  soluble 
blue,"  *  or  Nicholson's  blue,  the  result  is  precisely  similar.  At  a 
certain   critical  point,  a  red  coagulum  separates  which  contains  the 

*  "Soluble  blue"  is  the  commercial  trisodium  sulphonate,  C38H.28N3(S03Na)3  and 
C3,HofiX3(S03Na)3._ 

Nicholson's  blue  is  the  commercial  monosodium  sulphonate,  C3YH28N3(S03Xa). 
Methyl-violet  is  the  commercial  hydrochloride,  Ci9Hi.2(CH3)5N3,HCl. 
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whole  of  the  iron  and  the  whole  of  the  snlphonic  acid  added,  an 
equivalent  amount  of  sodivim  chloride  remaining  in  solution. 

Thus,  ammonium  sulphate  yields  ammonium  chloride  equivalent  to 
0'0074  gram  of  chlorine  (coagulum  washed  cold). 

"Soluble  blue"  ...  0'0069  gram  of  chlorine  (coagulum  unwashed). 

Nicholson's    blue    0-0065     „       ,,         ,,  „ 

If  we  calculate  the  coagulative  power  of  "  soluble  blue  "  from  the 
amount  used  to  coagulate  a  given  volume  of  hydroxide,  we  obtain  the 
number  260,  precisely  that  obtained  for  sodium  sulphite  ;  Nicholson's 
blue  gave  a  much  higher  number. 

If  the  coagula  be  extracted  exhaustively  with  strong  alcohol  to 
remove  every  trace  of  adherent  dye,  foxy-red  precipitates  remain. 
On  digestion  with  dilute  siilphuric  acid  or  concentrated  salt  solutions, 
a  deep  blue  solution  is  obtained.*  The  hydroxy-dye  sulphouate  is 
decomposed,  yielding  the  free  snlphonic  acid  or  corresponding 
sulphonate. 

If  in  place  of  the  acidic  dye,  aniline-blue,  we  use  an  "  equivalent  " 
solution  of  a  basic  dye,  methyl-violet,  no  coagulation  is  observed.  In 
the  latter  case,  we  are  dealing  with  a  chloride,  and  chlorides  coagulate 
feri'ic  hydroxide  only  in  highly  concentrated  solution.  With  arsenious 
sulphide,  the  behaviour  of  the  dyes  is  revei-sed — methyl-violet  readily 
coagulates  arsenious  sulphide  with  formation  of  a  dye — hydrosulphide 
derivative  and  liberation  of  hydrochloric  acid,  whilst  aniline-blue  has 
no  such  power.  In  the  former  case,  we  ai-e  dealing  with  the  chloride  of 
a  basic  dye — methyl-violet  acts  like  aluminium  chloride  ;  in  the  latter 
case,  with  the  sodium  salt  of  an  acidic  dye — sodium  salts  only  coagulate 
arsenious  sulphide  in  highly  concentrated  solution.  Similar  results  are 
obtained  with  Hofmann's  violet  and  with  magenta. 

These  results— already  referred  to  in  Part  III  of  this  research — 
clearly  indicate  that  the  coagulation  phenomena  of  such  dyes  are 
precisely  analogous  to  those  of  metallic  salts. 

If  we  continue  the  addition  of  ammonium  sulphate  to  a  solution  of 
ferric  hydroxide  beyond  the  point  at  which  the  coagulum  separates, 
the  excess  remains  in  solution.  With  aniline-blue,  this  is  not  the  case  ; 
the  coagulum  which  sepai\ates  continues  to  take  up  dye  with  avidity, 
withdrawing  from  solution  in  this  way  an  amount  four  to  five  times 
as  great  as  that  required  to  coagulate  the  hydroxide  before  the  excess 
of  dye  added  begins  to  colour  the  solution.  Up  to  this  point,  the 
supernatant  liquid  remains  clear  and  colourless  ;  no  trace  of  alkali 
can  be  detected.     The  dye  is  therefore  taken  up  as  a  whole,  not  as  a 

*  The  experiment  is  liest  pevfDrnieil  by  placing  a  small  qnantily  of  the  coaguhun 
on  a  piece  of  dry  filter  paper.  If  the  eoaguhim  be  tlu-n  moistened  with  the  acid  or 
salt,  a  deep  blue  ring  will  be  formed.  The  coagulum  must  not  be  l)oiled  in  contiict 
with  glass,  the  alkali  in  this  decolorises  the  extracted  blue. 
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sulphonic  acid.  Similar  results  are  obtained  if  methyl- violet  be  added 
to  arsenious  sulphide.  In  both  cases  we  have  succeeded  in  "  dyeing  " 
the  coagula.  Excess  of  aniline-blue  is  also  taken  up  by  ferric  hydr- 
oxide coagula  in  general,  and  me  bhyl- violet  by  arsenious  sulphide 
coagula. 

On  the  other  hand,  if  ferric  hydroxide  coagula  are  treated  with 
methyl-violet,  or  arsenious  sulphide  coagula  with  aniline-blue,  no 
appreciable  amount  of  the  dyes  is  taken  up.  Ferric  hydroxide  has  a 
selective  affinity  for  the  acidic  dye,  arsenious  sulphide  for  the  basic 
dye.  What  is  the  explanation  of  this  difference?  Chemists  have 
long  sought  for  a  comprehensive  theory  which  would  correlate  these  and 
other  perplexing  phenomena  of  the  dyeing  process.  Some  have  sought 
to  elaborate  a  purely  chemical  theory,  others  a  "mechanical"  (or 
physical)  theory.  In  the  present  simple  cases  of  "  substantive " 
dyeing,  we  have  shown  that  in  the  first,  or  "coagulation,"  stage  of 
the  process  chemical  reactions  occur  which  practically  exhaust  them- 
selves before  the  second,  or  '•  colour  absorption,"  stage  commences, 
and  that  there  is  evidence  that  the  dye  taken  up  during  the  latter 
operation  is  absorbed  as  a  whole.  We  have  to  look,  therefore,  for  a 
physical  rather  than  a  chemical  explanation  of  the  mutual  attraction 
of  dye  and  coagulum.  Witt's  theory  of  solid  solution  affords  no 
adequate  explanation  of  the  phenomena,  as  the  dyes  up  to  a  certain 
point  are  completely  withdrawn,  leaving  the  solution  colourless  and 
neutral.  During  the  present  yeai',  Dreaper  {J.  Soc.  Ghem.  Ind.,  1905,  24, 
223)  has  sought  to  connect  the  phenomena  of  the  dyeing  process  with 
the  de-solution  phenomena  of  colloids.  He  holds,  with  Krafft,  that 
the  process  of  dyeing  in  the  great  majority  of  cases  consists  in  the 
separation  of  colloidal  salts  on  or  in  the  fibre.  The  colloid  molecules, 
he  argues,  are  in  a  state  of  unstable  equilibrium.  Under  the  influence 
of  a  "porous  fibre  substance"  aggregation  occurs  to  such  an  extent 
that  they  are  thrown  out  of  solution  on  the  fibre  and  adhere  to  it  by 
mutual  attraction.  Dreaper's  hypothesis  is,  we  believe,  tenable.  In 
the  present  note  we  desire  to  advance  beyond  this  point,  and  seek  to 
explain  why  a  "  porous  fibre  substance  " — ferric  hydroxide — should 
absorb  and  retain  aniline-blue  and  reject  methyl-violet,  whilst  another 
"  porous  fibre  substance  "  of  a  similar  physical  structure — arsenious 
sulphide — rejects  the  first  and  absorbs  the  second.  We  believe  an 
answer  is  to  be  found  by  comparing  the  physical  properties  of  the 
four  solutions.  The  properties  of  ferric  hydroxide  and  arsenious 
sulphide  have  been  fully  discussed  in  Sections  1  and  2  of  the  present 
paper.  Those  of  methyl-violet  and  aniline-blue  have  already  been 
considered  (Trans.,  1897,  71,  568).  During  the  present  year,  further 
work  has  been  done  on  the  subject.  We  summarise  the  more  important 
properties  of  .the  four  solutions  as  follows  : 
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All  four  solutions  are  aggregated  and  finally  coagulated  by  sodium 
chloride,  forming  granular  hydrogels. 

All  contain  molecular  aggregates  too  small  to  be  visible  under  high 
powers  of  the  microscope. 

All  exhibit  electrical  properties  which  indicate  that  a  difference  of 
potential  exists  between  the  molecular  aggregates  and  the  fluid 
(Quincke),  in  other  words,  the  aggregates  carry  an  electric  charge  : 

The   two  "  basic  "  compounds,   methyl-violet  and  ferric  hydroxide, 

a  4  charge. 
The  two  "acidic"  compounds,  aniline-blue  and  arsenious  sulphide, 

a  -  charge. 

Any  two  oppositely-charged  hydrosols  in  dilute  aqueous  solution 
combine  to  form  a  pseudo-solution,  the  compound  aggregates  of  which 
possess  electric  properties  which  depend  on  the  relative  proportions  of 
the  constituents  present.     Thus  : 

Excess  of  methyl  violet  ( -f- )  with  aniline-blue  ( - )  is  electro- 
positive ; 

Excess  of  aniline  blue  ( - )  with  methyl-violet  (  +  )  is  electro- 
negative ; 

Excess  of  ferric  hydroxide  {  +  )  with  arsenious  sulphide  ( - )  is 
electro-positive  ; 

Excess  of  aniline-blue  (  - )  with  ferric  hydroxide  ( -h )  is  electro- 
negative ; 

and  so  on. 

Any  two  oppositely-charged  hydrosols  in  strong  aqueous  solution 
are  mutual  coagulants.     Thus  : 

^      Methyl-violet  (  +  )  aggregates  and  finally  coagulates  aniline-blue  (  -  ). 
Ferric  hydroxide  {  +  )  aggregates   and  finally  coagulates  arsenious 
sulphide  (  -  ).* 

Further,  the  hydrogels  which  sepai-ate  when  ferric  hydroxide  and 
arsenious  sulphide  are  coagulated  by  metallic  salts  still  retain  the 
same  selective  affinity  for  the  dyes  which  will  coagulate  them — ^the 
hydrogel  of  ferric  hydroxide  for  aniline-blue,  that  of  arsenious 
sulphide  for  methyl-violet.  "We  regard  this  fact  as  evidence  that 
the  granular  aggregates  in  these  hydrogels  still  retain  some  charge. 
In  other  words,  the  difference  of  potential  existing  between  the 
molecular  aggregates  and  the  fluid  in  the  hydrosol  state  is  not 
destroyed   by  coagulants,  but  only  reduced  to   a  point  at  which  the 

"  In  this  case,  some  slight  chemical  action  is  noticed  ;  the  filtrate  contains  traces 
of  ferrous  chloride,  due,  doubtless,  to  reduction  of  the  hydroxychloride  present. 
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forces  of  cohesion  are  just  able  to  overpower  the  forces  of  repulsion 
brought  into  play  by  such  difference  of  potential. 

In  conclusion,  we  regard  the  simple  processes  of  "  substantive  " 
dyeing  we  have  been  describing  as  taking  place  in  two  stages  : 

Stage  1. — The  "Coagulation  Stage,"  in  which  simple  ionic  inter- 
change takes  place  between  the  "  fibi-e  substance  "  (colloid)  and  the 
dye,  resulting  in  the  separation  of  insoluble  dye  derivatives  retaining 
a  feeble  charge. 

Stage  2. — The  "  Colour  Absorption  Stage,"  in  which  coagula  produced 
in  Stage  1  attract  and  I'etain  the  oppositely-charged  particles  of  the 
dye  substance. 


The  Mechanism  of  Solution  and  De-solution. 

We  have  shown  that  the  physical  and  chemical  properties  of  arsenious 
sulphide  and  ferric  hydroxide  are  closely  analogous.  Both  are  repre- 
sentative of  important  groups  of  colloids — arsenious  sulphide  of  the 
"acidic,"  electro-negative-group,  ferric  hydroxide  of  the  "basic," 
electro-positive  group.  Both  are  capable  of  existing  in  every  grade  of 
pseudo-solution.  Of  these  grades,  the  highest  exhibit  properties  which 
place  them  on  the  very  border  line  between  emulsions  and  true  solu- 
tions. Of  the  two,  ferric  hydroxide  possesses  these  properties  in  the 
most  marked  degree  :  it  "is  filterable  through  a  porous  cell,  dialyses 
(with  extreme  slowness),  diffuses,  re-dissolves  on  freezing,  is  not 
coagulated  by  boiling,  either  alone  or  with  precipitated  barium  sulphate 
(Vanino's  test  for  colloids,  Ber.,  1902,  35,  662—663  ;  Ber.,  1904,  37, 
3620 — 3623),  sensibly  expands  on  coagulation,  and  gives  rise  by  direct 
ionic  interchange  to  a  series  of  stable  derivatives.  It  has  one  property 
only  which  distinguishes  it  in  marked  degree  from  "  true  "  solutions, 
such  as  aqueous  solutions  of  soluble  blue  or  methyl-violet,  it  scatters 
and  polarises  light,  proving  that  it  contains  particles  of  dimensions 
commensurable  with  the  wave-length  of  light.*  The  study  of  these 
high  grade  colloids,  therefore,  opens  up  questions  of  the  widest  in- 
terest ;  the  phenomena  of  their  solution  and  de-solution  afford  an 
insight  into  the  laws  which  govern  the  solubility  of  substances  in 
water  under  conditions  not  complicated  by  dissociation  phenomena. 

We  are  indebted  to  Mr.  S.  R.  Trotman  for  some  preliminary  experi- 
ments cai-ried  out  at  our  suggestion  on  the  repulsion  of  bacteria  by  an 
electric  current.     He  finds  that  "  a  curi*ent  of  0-003  of  an  ampere  or 

*  C.  A.  Lobry  de  Bruyn  [Bee.  trav.  ehim.,  1900,  19,  251—258)  states  that  the 
smallest  particles  capable  of  polarisiug  light  reflected  from  them  are  50—100  times 
smaller  than  the  wave-length  of  light.  Assuming  a  mean  wave-length  of  0'5  /*,  the 
diameter  of  such  particles  is  therefore  5 — 10  ju^u. 
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greater  at  200  volts  causes  bacteria  [Bacilli  Coli  Communis)  to  con- 
gregate in  the  neighbourhood  of  the  positive  pole,  but  at  the  same 
time  seems  to  kill  them,  as  the  media  subsequently  inoculated  have 
remained  quite  still." 

In  conclusion,  we  desire  to  express  our  grateful  thanks  to  Mr. 
Pv.  Forbes  Carpenter,  whose  kind  co-operation  during  the  present  year 
has  enabled  us  to  bring  the  research  to  a  satisfactory  issue.  We 
have  also  to  record  our  thanks  to  Mr.  F.  W.  Elliott  for  placing 
his  microscope  at  our  disposal,  and  to  Mr.  F.  Soddy  for  the  loan  of 
a  tube  of  pure  radium  bromide. 
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3-Acetyl-l-phenyl-4-metliyl-A^'^-c2/cZo- 
butadiene-2-carboxylic    acid    (Rtjhe- 
MANN  and  Merriman),  T.,  1391  ;  P., 
22.5. 
2-Acetyl-4-phenyl-3-metliyl-l-ketoc?/c7o- 
pentadiene,    5-liydroxy-    (Ruhemaxn 
and  Merriman)",  T.,  1390  ;  P.,  224. 
Acid,   C^HjoOg,   from  gynocardinic   acid 
(Power  and  Lees),  T.,  351  ;  P.,  89. 
CgHgOj,,     irom    the    condensation     of 
eth}'!     dibromomethylcyclopropaiie- 
dicarboxjdate     with     ethyl     sodio- 
malonate   (Jones),   T.,    1065  ;    P., 
216. 
Acids,  sparingly    soluble,    influence    of 
various  sodium  salts  on  the  solubility 
of  (Philip),  T.,  987  ;  P.,  200. 
Aconines,  properties   of  (Dunstan  and 

Henry),  T.,  1654  ;  P.,  235. 
Aconite  alkaloids.     See  Alkaloids. 
>|/-Aconitine,  formula  of  (Dunstan  and 

Andrews),  T.,  16-36;  P.,  234. 
Aconitines    from  various  aconites,  com- 
position and  properties  of  (Dunstan 
and  Henry),  T.,  1650  ;  P.,  235. 
Acridine  series,  studies  in  the  (Hewitt 

and  Fox),  T.,  1058;  P.,  215. 
Acridines,   interaction  of,  with  magnes- 
ium alkyl  halides   (Senier,  Austin, 
and  Clarke),  T.,  1469  ;  P.,  227. 
Acrylic  acids,  substituted,  esterification 
constants      of      (Sudborough       and 
Roberts),  T.,  1840;  P.,  86. 
Address,  presidential  (Tilden),  T.,  546  ; 

P.,  104. 
Adrenaline.     See  Epinephrine. 
Affinity,  chemical: — 

Association  in  mixed  solvents  (Barg- 

ER),  T.,  1042  ;  P.,  204. 
Chemical  changes  which  are  reversible, 
kinetics  of.(FAWSiTT),  T.,  494  ;  P., 
115. 
Chemical  dynamics  of  alcoholic    fer- 
mentation by  yeast  (Slator),  p., 
304. 
of  the  reaction  between  sodium  thio- 
sulphate     and     organic     halogen 
compounds  (Slator),  T.,  481  ;  P., 
121. 
Velocity   of  hydrolysis,    influence  of 
hydroxyl  and  alkoxyl  groups  on  the 
(Findlay  and  Turner),  T.,   747: 
P.,  127. 
Alcoholic  fermentation.     See  Fermenta- 
tion. 


Alcohols,    reaction   of,    with  Z-men^hyl- 
carbimide    (Pickard,  Littlebuby, 
and  Neville),  P.,  286. 
fatty,  action  of  phosphorous  haloids  on 
(Walker  and  Johnson),  T.,  1592; 
P.,  232. 
Aldehydes,  action  of  mercury  cyanide  on 
(Marsh  and  Struthers),  T.,  1882  ; 
P.,  248. 
aromatic,   action  of  nitrogen  sulphide 

on  (Davis),  T.,  1831  ;  P.,  258. 
fatty,  electrolytic  oxidation  of  (Law), 
T.,  198  ;  P.,  7. 
Alkali    haloids,    determination    of    the 
specific  gravity  of  (Buchanan),  P. , 
122. 
metals,  relation  of  ammonium  to  the 

(TuTTON),  T.,  1123  ;  P.,  177. 
nitrites   and   their   decomposition    by 

heat  (Ray),  T.,177. 
selenates    and   sulphates,    topic  para- 
meters of  (Tutton),  T.,  1183  ;  P., 
217. 
Alkaline  earth  nitrites  and  their  decom- 
position by  heat  (R.^y),  T.,  177. 
Alkaloids,      aconite      (Dunstan      and 
Andrews),  T.,  1620,  1636  ;  P.,  233, 
234  :   (Dunstan  and  Henry),   T., 
1650;  P.,  2.35. 
cinchona,  estimation  of,  volumetrically, 
by  means  of  their  double  thiocyan- 
ates  (Robertson),  P.,  242. 
Alkyl  haloids,  formation  of,  by  the  inter- 
action of  alcohols  and  phosphorous    ^ 
haloids   (Walker  and    Johnson), 
T.,  1592;  P.,  232. 
.sulphides,  action  of  a-halogen  ketones 
on  (Smiles),  P.,  93. 
AUoxandiphenylhydrazone  (Armstrong 

and  Robertson),  T.,  1291  ;  P.,  180. 
Allyl    alcohol   and   water,    viscosity   of 

(Dunstan),  T.,  11. 
2-Allylamino-4-methylthiazole    and   its 
acetyl       derivative       (Young       and 
Crookes),  p.,  308. 
2-Allylimino-3:4-dimethyl-2:3-dihydro- 
thiazole  and   its  hydriodide  (Young 
and  Crookes),  P.,  308. 
Allylzsc'propenylmethane   {^-methyl- Aa-^- 
liexadiene)     and     its     nitrosocliloride 
(Perkin  and  Pickles),  T.,  658;  P., 
131. 
Aluminium      alloys,      preparation      of 

(Pring),  T.,  1530;  P.,  230. 
Aluminium  carbide,  preparation  of,  and 
its    action    on    metals    and    metallic 
oxides  (Pring),  T.,  1530  ;  P.,  230. 
Amidines,  contributions  to  the  chemistry 

of  (Young  and  Crookes),  P.,  307. 
Ammonia,    action    of,    on    acetyl    thio- 
cyanate  (Doran  and  Dixon),  T.,  341 ; 
P.,  77. 
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Ammonia,  action  of,  on  carlion  monoxide 
(Jackson  and  Northall-Laurie),  T.  , 
433;  P.,  118. 

Ammonium,  relation  of,  to  the  alkali 
metals  (Tutton),  T.,  1123  ;  P.,  177. 

Ammonium  salts,  hydrolysis  of  (Veley), 
T.,  26. 

Ammonium   antimonious   haloids,    com- 
plex (Caven),  p.,  187. 
sodium    bismuth  nitrite   (Ball),  T., 

761  ;  P.,  129. 
magnesium     and      ammonium      zinc 
selenates   and   sulphates,    crystallo- 
graphic     study   of    (Tutton),     T., 
1123;  P.,  177. 

Ammonium  organic  compounds,  sub- 
stituted, stereoisomerism  of  (Jones), 
T.,  1721  ;  P.,  237. 

tcrt.  -Amyl  alcohol,  latent  heat  of  evapora- 
tion of  (Brown),  T.,  269  ;  P.,  75. 

Amylolytic  action,  influence  of  certain 
amphoteric  electrolytes  on  (Ford  and 
Guthrie),  P.,  296. 

z'soAmylthiolbenzylacetophenone  (Ruhe- 
mann),  T.,  463. 

isoAmylthiolbenzyl-acetylacetone, 
-benzoylacetone,     and     -benzylidene- 
acetone  (Ruhemann),  T.,  21. 

Anhydroacetonebenzil,  preparation  and 
derivatives  of  (Japp  and  Knox),  T., 
673  ;  P.,  152. 

Aniline,  influence  of  temperature  on  the 
action  of  acetyl  thiocyanate  on  (Doran 
and  Dixon),  T.,  333;  P.,  77. 

2-Anilino-4-methylthiazole,  acetyl  de- 
rivative (Young and  Crookes),P.,308. 

Anisic  acid,  reduction  products  of 
(Lumsden),  T.,  87  ;  P.,  14. 

p-Anisidine,  3:5-cZinitro-,  and  its  iV^- 
acetyl  derivative  (Meldola  and 
Stephens),  T.,  1206;  P.,  219. 

Anisidines,  o-  and  ^'-c^wiitro-,  and  their 
products  of  diazoti.sation  (Meldola 
and  Stephens),  T.,  1199  ;  P.,  218. 

Anisole,  dielectric  constants  of,  dissolved 
in  benzene  and  m-xylene  (Philip  and 
Haynes),  T.,  1001;  P.,  200. 
tribxomo-  and  tric\\\o\o-,  the  Zeisel 
reaction  on  (Boyd  and  Pitman), 
T.,  1255;  P.,  221. 
2-iodo-4:5-rfinitro-  (Meldola  and 
Stephens),  T.,  1202  ;  P.,  218. 

Anniversary  dinner,  P.,  106. 

Annual  General  Meeting,  T. ,  535  ;  P. ,  99. 

Anthraquinone-2-sulphon<^/chloroamide 
(C'hattaway),  T.,  157  ;  P.,  7. 

Antimony  ammonium  haloids,  complex 
(Caven),  P.,  187. 

Aromatic  compounds,  ultra-violet  absorp- 
tion spectra  of  (Baly  and  Collie),  T., 
1332  ;  P.,  203  ;  (Baly  and  Evvbank), 
T.,  1347,  1355  ;  P.,  2Q3,  210, 


Arsenic  pentoxide,  interaction  of,  with 
hydrogen  sulphide  in  presence  of  hydro- 
chloric acid  (Usher  and  Travers), 
T.,  1370;  P.,  223. 
Arsenious  sulphide,  colloidal,  physical 
and  chemical  properties  of  (Linder 
and  Picton),  T,,  1907  ;  P.,  241. 
Artocm-pits    integrifolia,    cyanomaclurin 

from  (Perkin),  T.,  715  ;  P.,  160. 
8-Arylalkylamino-5-methyl-4:5-dihydro- 
thiazoles,  oxidation  and  hydrolysis  of 
(Young  and  Crookes),  P.,  308. 
Arylsulphonyldiazoimides,       properties 
and     reactions     of     (Morgan     and 
Micklethwait),  T.,   73,  921,  1304; 
P.,  8,  179,  222,  303;  discussion,  P., 
180. 
Association.     See  under  Affinity. 
Atisine   from    Aconificm    hcterophyllum 
(DuNSTAN    and   Henry),   T.,    1651  ; 
P.,  235. 
Atomic  weight,  relation  of  specific  heat 
to,    in    elements     and     compounds 
(Tilden),  T.,  551  ;  P.,  104. 
of  nitrogen  (Gray),  T.,  1601 ;  P.,  156  ; 
(Scott),  P.,  309. 
Atomic  weights,  table  of,  P.,  6. 

report  of  the  International  Committee 
on,  P.,  2. 
Azo-compounds,  constitution  and  colour 
of   (Armstrong  and  Robertson), 
T.,    1280;    P.,  180;    (Hantzsch), 
P.,  289. 
amino-,  method  for  the  direct  formation 
of  certain  (Meldola  and  Eynon), 
T.,  1. 
influence    of    substitution    on    the 
formation      of      (Morgan      and 
Wootton),    T..    935  ;    P.,    179  ; 
(Morgan  and  Clayton),  T.,  944 ; 
P.,  182. 
o-hydroxy-,   constitution  of  (Hewitt 

and  Mitchell),  P.,  298. 
jj-hydioxy-,  constitution  of  (Mitchell), 
T.,  1229  ;  P.,  220. 
Azophenols,    substituted,    nitration    of 
(Hewitt  and  Mitchell),   T.,    225  ; 
P.,  61. 


B. 


Balance  sheet  of  the  Chemical  Society 
and  of  the  Research  Fund.  See 
Annual  General  Meeting,  T.,  541. 

Barbaloin,  constitution  of,  and  i^ribromo-, 
and  their  acetyl  derivatives  (Jowett 
and  Potter),  T.,  878  ;  P.,  181. 

Barium  nitrite  and  its  decomposition  by 
heat  (Ray),  T.,  177. 
sulphate,  absorption  of  iron  salts  by 
(Kobtk),  T.,  1506;  P.,  229. 
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Base,     C02H21N3,     and    its     salts     and 

C24H2;jO]S'o,  from  benzoflavine  (Hewitt 

and  Fox),  T.,  1061  ;  P.,  216. 
Bases,  organic,  action  of  metallic  cyanides 

on  (Struthees),  P.,  95. 
Benzaldehyde,  ^j-chloro-,    and    m-    and 

^j-nitro-,   action  of  nitrogen  sulphide 

on  (Davis),  T.,  1833  ;  P.,  258. 
Benzene  and  its  monosubstituted  deriva- 
tives, ultra-violet  absorption  spectra 
of  (Baly  and  Collie),  T.,   1332  ; 
P.,  203. 

latent  heat  of  evaporation  of  (Brown), 
T.,  265;  P.,  75. 

and  acetic  acid  and  benzene  and 
?i-propyl  alcohol,  viscosity  of 
(Dunstan),  T.,  15. 

progressive  chlorination  of,  in  presence 
of  the  aluminium-mercury  couple 
(Cohen  and  Hartley),  T.,  1360; 
P.,  223. 

disubstituted  derivatives,  ultra-violet 
absorption  spectra  of  (Baly  and 
Ewbank),  T.,  1355  ;  P.,  210. 
Benzene,  2:6-c?ibromo-  and  2:4-rf?chloro- 
1-nitroamino-,  action  of  sulphuric 
acid  on  (Orton  and  Smith),  T., 
397;  P.,  92. 

isomeric  chloronitro-derivatives,  chlor- 
ination  of  (Cohen  and  Bennett),    | 
T.,  320;  P.,  80. 

s-ifrichloro-l-nitroamino-,  preparation 
of,  and  action  of  sulphuric  acid  on 
(Orton  and  Smith), T.,  392  ;  P.,  92. 

s-<rihalogen-l-nitroamino-derivatives, 
transformations     of     (Orton    and 
Smith),  T.,  389;  P.,  91. 
Benzene-2-azo-6bromo-  and  -6-cliloro-4- 

nitro-//;-phenylenediamines,  ?;-bromo- 

and^z-cliloro-  (iMokgan  and  Wootton), 

T.,  943. 
Benzene-2-azo-4:6-(^tbromo-  and  -cModo- 

9;i-phenylenediamines,  0-,  m-,  and  j/j- 

nitro-  (Morgan  and  Wootton),  T., 

937  ;  P.,  179. 
Benzeneazocoumarin  and  its  0-,  m-,  and 

jo-nitro-derivatives,      preparation      of 

(Mitchell),  T.,  1229  ;  P.,  220. 
Benzeneazodimethylcoumarin  and  0-,  m-, 

and  j»)-nitro-,  jueparation  of  (Hewitt 

and  Mitchell),  P.,  298. 
Benzeneazonaphthamethylcoumarin  and 

0-,    VI-,   and   ^j-nitro-    (Hewitt    and 

Mitchell),  P.,  302. 
Benzeneazo-^-naphthol,   ^>amino-,    and 
its  acetyl  derivative,  preparation  of 
(Meldola  and  Eynon),  T.,  3. 

s-irichloro-  (Orton  and  Smith),T.  ,  395. 
Benzeneazo-o-nitrophenol,   0-,    m-,    and 

^-nitro-,    and   their    acyl    derivatives 

(Hewitt    and  Mitcbpll),  T.,  226  ; 

P.,  61. 


Benzene-2-azo-4-iutro-m-phenylene- 
diamine,    ^>-bromo-     (Morgan     and 
W.iotton),  T.,  940. 

Benzene-3-azo-5-nitro-2;4-tolylene- 
diamine,      ^j-bromo-      and     ^;-nitro- 
(Morgan  and  Wootton),  T.,  940. 

Benzeneazophenol,  ^j-amino-,  decom- 
]iosition  of  (Meldola  and  Eynon), 
T.,  2.  i 

Benzene-m-disulphons-dimetliylainide  I 

(Chattaway),  T.,  161  ;  P.,  7. 

Benzene- Hi-disulphon-halogen-  and 

-alkylhalogen-amides   (Chattaway), 
T.,   15.'-,;    P.,  7. 

Benzene-l:3-disulplionyl-bis-ji)-phenyl- 
enediamine  and  its  diazotisation  and 
-bis-^^-aminobenzeneazo-iS-naphtlioI 
(Morgan    and   Micklethwait),   T., 
1308  ;    P.,   222. 

Benzene-?tt-8ulplionalkylamides,  nitro- 
(Chattaway),  T.,   159;    P.,   7. 

Benzenesulphon-halogen-  and  -alkyl- 
halogen-amides and  nitro-  (Chatta- 
way), T.,   148  ;   P.,  7. 

«.s-Benzenesulphonyl-i\^-niethyl-l:8- 
naphthylenediamine    and    its    diazo- 
derivative    (Morgan     and     Mickle- 
thwait), P.,  304. 

Benzenesulphonylmethylci-,  -vi-,  and 
-y^nitroanilines  and  their  reduction 
(Mor(;an  anil  Micklethwait),  T.,  84. 

rts-Benzenesulphonylmethylphenylene- 
diamines  and  their  diazotisation  and 
azo-/3-naphtliol    derivatives   (Morgan 
and  Micklethwait),   T.,  85;  P.,  9. 

Benzenesulphonyl-a-naphthylamine, 
8-nitro-     (Morgan      and      Mickle- 
thwait), P.,  303. 

Benzenesulphonyl-l:4-naphthylene- 
diamine  and  its  diazotisation  and  azo- 
)3-naphthol   derivative   (Morgan   and 
Micklethwait),  T.,  928  ;  P.,   179. 

Benzenesulphonylnaphthylenediamines, 
1:5-  and  1:8-,  diazo-derivatives  of 
(Morgan  andMiCKLETHWAiT), P., 303. 

Benzenesulphonyl-o-,  -m-,  and  -p-nitro- 
anilines  (Morg.a.n  and  Mickle- 
thwait), T.,  79. 

BenzenesuIphonyl-4-iiitro- 1  -naphthyl- 
amine  (Morgan  and  Micklethwait), 
T.,  928;  P.,  179. 

Benzenesulplionyl-5-nitro-o-toluidine 
(Morc;an    and   Micklethwait),  T., 
925;    P.,  179. 

BenzenesulplionyI-5-nitro-;>xylidine 
(Morgan  and   Micklethwait),    T., 
926;  P.,  179. 

Benzenesulphonylphenylenediamines, 
diazo-derivatives    of    the,    and    their 
diazoimides  and  azo-;8-naphthol  deriv- 
atives (Morgan  and  Micklethwait), 
T.,  73;  P.,  8. 
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BenzeuesuIphonyl-2:5-tolylenediainine, 

diazotisation  of,  and  its  azo-/8-naphtliol 
derivative    (Morgan     and     MicKLE- 
THWAiT),  T.,  925  ;   P.,  179. 
Benzenesulplionyl-^-xylylene-2:5-di- 
amine  and  its  diazotisation  and  azo- 
/8-naphthol   derivative  (Morgan   and 
MlCKLETHWAIT),  T.,  926;   P.,  179. 
Beuzil,    condensation    of,    with   ketones 
(Japp  and  Knox),   T.,  673;  P.,  152. 
Benzildihydrocyanide   and   its   diacetyl 
derivative  (Japp  and  Knox),  T.,  681  ; 
P.,  153. 
Benzoflaviue  and  its  acetyl   derivatives 
and     action     of    methyl    iodide    on 
(Hewitt  and  Fox),  T.,  1058  ;  P.,  215. 
Benzoic  acid  and  its  derivatives,  physical 
properties   of  (Lumsden),   T.,    93  ; 
P.,  14. 
influence  of  various  sodium  salts  on 
the  solubility  of  (Philip),  T.,  987  ; 
P.,  200. 
di-o  substituted,    methyl   esters,    con- 
version of,  into  ethyl    esters  (SuD- 
BOROUGH  and  Davies),  P.,  87. 
Benzoic  acid,  ji*-amino-,  methylation  of 
(Johnston),  P.,  156. 
isomeric    rfibromo-,    nienthyl    esters, 
rotation  of  (Cohen  and  Zortman), 
P.,  306. 
hydroxy-derivatives,    oxidation     j)ro- 
ducts  of  (Perkin   and  Nieren- 
stein),  T.,  1412  ;    P.,   185. 
electrolytic  oxidation  of  (A.  G.  and 
F.  M.  Perkin),  P.,  212. 
ij-nitro-,   influence  of  various  sodium 
salts  on  the  solubility  of  (Philip), 
T.,  987  ;  P.,  200. 
0-     and     ^^nitro-,     menthyl      esters, 
crystallographic    and    optical    pro- 
perties of  (Graham),  T.,  1193. 
0-,  m-,  and  ^^-nitro-,   menthyl  esters, 
rotation   of  (Cohen   and    Armes), 
T.,  1190;    P.,  218. 
o-Benzoic     sulphinide      {"saccharin"), 
action  of  chlorine  and  caustic  alkalis 
on  (Chattaway),  T.,  1882  ;  P.,  284. 
estimation  of  (Proctor),  T.,  242  ;  P., 
62. 
Benzoyl    nitrate,    preparation    and    re- 
actions of  (Francis),   P.,  302. 
o-Benzoyl-^-trimethacetylstyrene, 
action    of    hydrazine    on   (Japp    and 
Wood),  T.,  707  ;   P.,  154. 
Benzylaniline,  influence  of  temperature 
on  the  action  of  acetyl  thiocyanate  on 
(Doran  and  Dixon),  T.,  339  ;  P.,  77. 
Benzylideneacetylacetone,      action      of 
liydrogen   sulphide   on  (Ruhemann), 
T.,  25. 
Benzylidenehydroxydihydrophenanthr- 
anil  (Japp  and  Kxnx),  T.,  683. 
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Benzylidene-a-isopropylanhydroacetone- 
benzil  (Japp  and  Knox),  T.,  677. 

Benzylidenetetrazoline  and  its  o-  and 
p-iaono-  and  3:4-f/i-hydroxy-  and  o-, 
oil-,  and  ^>nitro-derivatives  (Ruhe- 
mann and  Merriman),  T.,  1774. 

a-Benzylphenylallylmethylammonium 
camphorsulphonates,     four    isomeric 
(Harvey),  T.,   1481  ;    P.,  228. 

Benzylphenylallylmethylammonium 
iodides,  d-  and  /-  (Harvey),  T.,  1485  ; 
P.,  229. 

Benzylthiolbenzylacetylacetone  (Ruhe- 
mann), T.,  21. 

Bikhaconine  and  its  properties  and  salts 
(Duxstan  and  Andrews),  T,,  1644; 
P.,  234. 

Bikhaconitine,  extraction  of,  from 
Aconituiii.  spicatum,  and  its  com- 
position, properties,  and  salts  (Dun- 
STAN  and  Andrews),  T.,  1636;  P., 
234. 

Bisdiphenylene-ethylene  (Smedley), 
T.,   1254  ;    P.,  221. 

Bismutli  complex  nitrites  (Ball),  T., 
761  ;    P.,   129. 

Boiling  point  of  esters,  influence  of 
water  and  alcohols  on  the  (Wade), 
T.,  1656  ;    P.,  240. 

Bornylcarbiminocamphor  (Forster  and 
Fierz),  T.,  829;  P.,  178. 

Bromine,  solubility  of,  in   solutions   of 
potassium  bromide   (Worley),   T., 
1107;   P.,  209. 
replacement  of  hydroxyl  by  (Perkin 
and  SiMONSEN),  T.,  855  ;  P.,  188. 

Bromine  fluoride  (Prideaux),  P.,  240. 

Butane,  i^-cis-  and  -traiis-tetrahromo-, 
preparation  of  (Perkin  and  Simon- 
SEN),  T.,   856;    P.,  188. 

f?/c;!/c/oButane  derivatives,  synthesis  of 
(Perkin  and  Simonsen),  P.,  256. 

Butanedicarboxylic  acid.  See  )3- 
Methylglutaric  acid. 

Butinene.     See  Erythrene. 

Butylenedicarboxylic  acid.  See  ;8- 
Methylglutaconio  acid. 

Bye  laws,  suggested  alteration  of  the, 
P.,   41. 


Calcium    carbide,    interaction    of,   with 

lead  oxide  (Pring),  T.,  1538;   P., 

231. 
nitrite  and  its  decomposition  by  heat 

(Ray),  T.,  178. 
Camphopyric    acid,    bromo-derivatives, 

and     their    salts    (Gardner),    T., 

1516;    P.,   230. 
tram-hvomo-,  properties  of  the  crystals 

of  (Graham),  T.,  1525. 

6  N 


1954 


INDEX   OF  SUBJECTS. 


Camphopyric    anhydride,   bromo-,   pre- 
paration       and       reactions       of 
(Gardner),  T.,  1516;   P.,  230. 
projierties     of     the      crystals     of 
(Graham),  T.,  1527. 
Camphor,      a-bromo-      and      a  chloro-, 
isomerism  of  (Kipping),  P.,  125. 
a-imino-   (Fouster   and   Fierz),   T., 

828;   P.,  178. 
z'sonitroso-,  and  its  unstable  modifica- 
tion, and  oximes,  oxime-anhydride, 
and  anhydrides  (FoRSTEPv),  T.,  232  ; 
P.,  22. 
Camphorquinone  and  its  hydrazones  and 
oximes,  structure  of,  in  relation  to 
their  optical  properties  (Armstrong 
and  Robertson),  T.,  1272  ;  P.,  180. 
refractive  and  magnetic  rotatory  power 
of(PERKIN),  T.,  1292. 
Camphorquinonez/ioJioiiniiie.  See 

Camphor,   a-iniino-. 
Camphorquinonephenylhydrazone,  solu- 
bility of  (Robertson),  T.,  1298  ;  P., 
181. 
Camphorsulphonic   acid,   rf-bromo-   and 
rf-chloro-,  isomeric  forms  of  (Kipping), 
T.,  628;  P.,  124. 
rf-Camphor-3-sulphonyl-;Miitroaniline, 
and  -^-phenylenediamine  and  its  di- 
azoimide  and  azo-;8-naphthol   deriva- 
tive (Morgan  and   Micklethwait), 
T.,  77. 
Camphorylazoimide    and    its    reactions 
(Forster  and  Fierz),   T.,  826;   P., 
178. 
s  Camphoryl-bornyl-     and     -piperidyl- 
carbamides  (Forstek  and  Fierz),  T., 
119;  P.,  22. 
Camphorylcarbamic   acid,   methyl    and 
ethyl    esters   {camplioryl-methyl-    and 
-ethyl-urethancs)  (Forster  and  Fierz), 
T.,  121. 
Camphoryl-il'-carbamide  and  its  oxime, 
and   nitroso-   and   methyl  derivatives 
(Forster  and  Fierz),  T.,  113  ;  P.,  22. 
Camphorylcarbimide     {camphoryl     iso- 
cyanatr.)   (Forster    and   Fierz),   T., 
110;  P.,  21. 
Camphoryl-<|'-semicarbazide  and  its  con- 
densation with  aldehydesand  ketones 
and    its   nitrate,    cuprinitrate,    and 
anhydride  (Forster  and  Fieez),  T., 
722;  P.,  151. 
action   of  nitrous  acid   on,  in  acetic 
acid  (Forster  and  Fierz),  T.,  835. 
a-Camphylcarbamide  and  its  aryl  sub- 
stituted  derivatives   and   a-Camphyl- 
carbimide  (Forster  and  Fierz),  T., 
736. 
aCarbethoxy-jS-methylglutaconamide, 
ethyl  ester  (Rogerson  and  Thorpe), 
T.,  1692. 


Carbimides,   optically  active  (Pickard, 
LiTTLEBriiY,  and  Neville),  P.,  286. 
Carbohydrates,  action  of  hydrogen  per- 
oxide on,  in  presence  of  ferrous  sulphate 
(MoRRELL  and   Bellars),    T.,    280; 
P.,  79. 
Carbon  ??io?ioxide,  action  of  ultra-violet 
light  on  moist  and  dried  mixtures 
of  oxygen  and  (Chadwick,  Rams- 
bottom,  and  Chapman),  P.,  287. 
action    of,    on   ammonia   (Jackson 
and  Northall-Laurie),  T.,  433  ; 
P.,  118. 
c^isulphide,      slow      combustion      of 
(Smith),  P.,  311. 
Carbon  atom,  asymmetric,  further  analogy 
between  the  asymmetric  nitrogen  atom 
and  (Jones),  T.,  135  ;  P.,  10. 
Carboxydiphenylthiocarbamide  (Doran 

and  Dixon),  T.,  343  ;  P.,  77. 
Carboxyguaiacolphenylthiocarbamide 
(Doran  and   Dixon),   T.,   343;    P., 
79. 
Carboxyphenyl  ZAoamyl-    and    -methyl- 
thiocarbamides  (Doran  and  Dixon), 
T.,  342;  P.,  77. 
Catecbin  and  its  penta-acetyl  derivative 
from  gambler  catechu  (Perkin),  T., 
398  ;  P.,  89. 
Catechol,  freezing  points  of  mixtures  of, 
with     p-toluidine,    o-naphthylamine, 
and  picric  acid  (Philip  and  Smith), 
T.,  1738;  P.,  255. 
Catellagic     acid    (A.    G.    and    F.    M. 
Perkin),  P.,  212. 
and  its   diacetyl  derivative  (Perkin 
and  Nierenstein),   T.,   1417  ;  P., 
186. 
Chaulmoogra  oil,  source  of  (Power  and 
Barrowcliff),  T.,  896;  P.,  176. 
isolation    of    hydnocarpic    acid    from 
(Power    and    Barrowcliff),    T., 
895;  P.,  176. 
Chaulmoogric  acid,  homologue  of  (Power 
and    Barrowcliff),    T.,    884;     P., 
175. 
Chelidonic  acid,  ethyl  ester,   molecular 
refraction   of  (Homfray),   T.,    1455; 
P.,  226. 
Chemical  changes.     See  under  AflBnity. 
constitution  in  relation  to  optical  pro- 
perties (Armstrong  and   Robert- 
son), T.,  1272;  P.,  180. 
dynamics.     See  under  Affinity, 
structure    in   relation    to   colour  and 
absorption  spectra  (Hartley),   T., 
1796,  1822;  P.,  166,  167. 
Chlorination,    studies    in   (Cohen    and 
Bennett),  T.,  320  ;  P.,  80  ;  (Cohen, 
Dawson,  and  Crosland),  T.,  1034; 
P.,  211  ;  (Cohen  and  Hartley),  T., 
1360;  P.,  223. 
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Cinnamic     acid,    influence    of    various 

sodium    salts    on     the    solubility    of 

(Philip),  T.,  987;  P.,  200. 
Cinnamic  acids,  o-chloro-  (Sudboiiough 

and  James),  P.,  86. 
Cinnamylideneacetophenone,   union    of, 

with  mcicaptans  (Ruhe.mann),  T.,  23. 
Cinnamylidenebenzylideneacetone, 

union    of,    with    luercaptans    (Kuhe- 

mann),  T.,  466  ;  P.,  123. 
Cinnamylidenetetrazoline    (Ruhemann 

and  Merrimax),  T.,  1776. 
Cobalt,  green  compounds   of,   produced 

by  oxidising  agents   (Durrant),  T., 

1781;  P.,  251. 
Colour,  studies  on  the  origin  of  (Smed- 
ley),  T.,  1249  ;  P.,  221. 

contribution  to  the  theory  of  the  origin 
of  (Armstrong  and  Robertson), 
T.,  1272;  P.,  180. 

in  relation  to  chemical  structure  and 
absorption  spectra  (Hartley),  T., 
1796,  1822;  P.,  166,  167. 
Copper  iodides  (Walker  and  Dover), 

T.,  1584;  P.,  232. 
Cresols,  o-,   m-,   and  p-,  dielectric  con- 
stants of,  dissolved  in  benzene  and  m- 

xylene    (Philip    and    Haynes),    T., 

1002  ;  P.,  200. 
Cryoscopy,      studies      in     comparative 

(Robertson),  T.,  1574  ;  P.,  231. 
Crystallographic   study   of    ammonium 

magnesium  and  ammonium  zinc  seleii- 

ates  and  sulphates  (Tutton),  T.,  1123  ; 

P.,  177. 
Cyanomaclurin,  formula  of,  and  its  de- 
rivatives (Perkin),  T.,  715  ;  P.,  160. 
Cymene,  latent  heat  of  evaporation  of 

(Brown),  T.,  268;  P.,  75._ 
o-Cymene,   synthesis   of    derivatives    of 

(Kay  and  Perkin),  T.,  1066  ;  P.,  216. 
m-Cymene,    synthesis   of  derivatives   of 

(Perkin  and  Tattessall),  T.,  1083  ; 

P.,  217. 

D. 

Decanedicarboxylic    acid.      Sec    Tetra- 

ethylsuccinic  acid. 
Dehydracetic  acid,  molecular  refraction 

of  (HoMFRAY),  T.,  1457  ;  P.,  226. 
Density  of  alkali  haloids  (Buchanan), 

P.,  122. 
Desyldimethylsulpliine    salts  (Smiles), 

P.,  94. 
Dextrose,  influence  of  phosphates  on  the 
fermentation     of,    by    yeast     juice 
(Harden  and  Young),  P.,  189. 
synthesis  from,  of  an  octamethylated 
disaccharide  (Purdie  and  Irvine), 
T.,  1022;  P.,  215. 
Diacetylacetone,    molecular    refractions 
of  (HoMFRAY),  T.,  1451  ;  P.,  226. 


Diacetyl-rf-tartaric  acid,  menthyl  ester, 
rotation  and  solution-volume  of  (Pat- 
terson and  Taylor),  T.,  39,  126; 
P.,  15. 
Diacridine  trimagnesium  alkyl  iodides 
(Senier,  Austin,  and  Clarke),  T., 
1471  ;  P.,  228, 
Diamines,  fatty,  A''-halogen  derivatives 

of  (Chattaway),  T.,  381  ;  P.,  61. 
Diazoamines,   influence   of   sulistitution 
on    the   formation   of    (Morgan   and 
WooTTON),  T.,  935  ;  P.,  179 ;  (Morgan 
and  Clayton),  T.,  944  ;  P.,  182. 
Diazobenzene,  ^j-amino-,  carbonate  and 
nitrite,    A'-benzoyl     derivatives    of 
(Morgan  and  Micklethwait),  T., 
922  ;  P.,  180. 
s-^7'tbromo-,  transformations  of  deriva- 
tives of  (Orton),  T.,  99  ;  P.,  12. 
Diazo- compounds,  structure  of,  in  rela- 
tion    to    their    optical     properties 
(Armstrong  and  Robertson),  T., 
1272  ;  P.,  180. 
constitution  and  colour  of  (Armstrong 
and    Robertson),    T.,    1280 ;    P., 
180;  (Hantzsch),  P.,  289. 
ultra-violet  absorption  spectra  of,   in 
relation  to  their  constitution  (Dobbie 
and  Tinkler),  T.,  273  ;  P.,  75. 
Diazo -reactions,     action     of    light    on 
(Orton,    Coates,   and    Burdett), 
P.,  168. 
in  the  diphenyl  series  (Cain),  T.,  5. 
Diazo-salts,   action  of  water  on   (Cain 

and  Norman),  P.,  206,  308. 
Dibenzoylstilbenes,  cis-  and  trans-,  and 
the  action  of  hydrazine  on  (Japp  and 
Wood),  T.,  707  ;  P.,  154. 
o;8-Dibenzoylstyrenes,  cis-  and  trans-,  and 
the  action  of  hydrazine  on  (Japp  and 
Wood),  T.,  707  ;  P.,  154. 
Dibenzylideneacetone,   union    of,    with 

mercaptans  (Ruhemann),  T.,  22. 
s  Dicamphorylcarbamide  (Forster  and 

Fierz),  T.,  120  ;  P.,  21. 
Dielectric  constants.    See  under  Electro- 
chemistry. 
9:9-Dietlioxyfluorene     (Smedley),     T., 

1252. 
Diethylenediamine.     See  Piperazine. 
Diethylthetine,  Z-menthyl  ester,  salts  of, 
molecular  rotations  of  (Smiles),   T., 
453;  P.,  93. 
Dihydrolaurolene  and  Dihydroisolanrol- 
ene,  supposed  identity   of,   with  1:1- 
dimethylhexahydrobenzene       (Cross- 
ley  and  Renouf),  P.,  303. 
rf-A-(or     3)-Diliydro-l -naphthoic     acid 
and  its  salts,  esters,  and  ^-toluidide, 
and  molecular  transformation  (Pick- 
ARD  and  Neville),    T.,    1763  ;    P., 
257. 
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Dihydrophenanthranil,    hydroxy-,    and 

its  acetyl  derivative  (Japp  and  Knox), 

T.,  682. 
Dihydroisophthalic    acid  (Perkin  and 

Pickles),  T.,  310  ;  P.,  76;  (Goodwin 

and  Perkix),  T.,  853  ;  P.,  187. 
Dihydrotetrazine  derivatives,  formation 

of    (BowACK    and    Lapworth),    T., 

1867;  P.,  257. 
2:3-Diliydrothiazole8,  2-iniino-  (Young 

and  Crookes),  P.,  307. 
4:5-Dihydrothiazole8,  2-amino-  (Young 

and  Crookes),  P.,  307. 
7-Diketone8,     unsaturated,    action     of 

hydrazine  on  (Japp  and  Woop),  T., 

707;  P.,  154. 
Dimercurammonium.     See   under  Mer- 
cury. 
o-3:4-Dimethoxyphenyl-a3-fZ/bromo-and 

-3-hromo-a-hydroxy-ethanes  (  Barger 

and  Jowett),  T.,  972;  P.,  205. 
Dimethoxypropionic  acid  esters,  amide, 

and    nu'thylaniide,     preparation    and 

rotation   of  (Frankland    and    Gee- 
hard),  T.,  864  ;  P.,  189. 
3:4-Dimethoxystyrene      (Barger     and 

Jowett),  T.,  972;  P.,  205. 
Di-5-metliylacridine  trimagnesium  alkyl 

iodides  (Senier,Au.stin, and  Clarke), 

T.,  1472;  P.,  228. 
)3y3-Diinethyladipic  acid  (Crossley  and 

Renouf),  T.,  1496;  P.,  209. 
^j-Dimethylaminobenzoicacid(JoHNSON), 

P.,  156. 
>)-DimethyIaminobenzylidenetetrazoline 

(Ruhemann     and    Meruiman),    T., 

1778. 
Dimethylaminocamphor  (Forster),  T., 

239  ;    P.,  23. 
Dimethylbutenylcarbinol,  synthesis  of, 

and  its  phcuylurctliane  (Perkin  and 

Pickles),  T.,  657  ;  P.,  131. 
1 :2-Dimethylcamphanediol    (Forster), 

T.,  241. 
as-Dimethylcarbamide,  decomposition  of 

(Fawsitt),  T.,  494;  P.,  115. 
3 :4-Dimethyl-2 : 3-dihydrotMazole,        2- 

imino-,  iN'^-acetyl  derivative  of  (Young 

and  Cp.ookes),  P.,  308. 
Dimetbylethylbutenylcarbinol  (Perkin 

and  Pickles),  T.,  659;  P.,  131. 
o)3-Dimethylglutaconic  acid,   formation 
of   (Ro(;erson   and   Thori-e),   T., 
1700;  P.,  239;   (Darbishire   and 
Thorpe),  T.,  1714;  P.,  239. 

identity  of,  with  /87-dimethylglut- 
aconic  acid  (Thorpe),  T.,  1671  ;  P., 
239. 

and  its  silver  salt,  anhydride,  and 
anilic  acid  and  a-cyano-,  ethyl  ester- 
(Rooeeson  and  Thorpe)  T.,  1695  : 
P.,  239. 


4:5-Dimethylglyoxaline  picrate 

(Jowett),  T.,  407;  P.,  116. 
1:  l-Dimethyk^/c/ohexane  (dimethylhexa- 
hydrohcnzeni'),  synthesis  of,  and  3- 
bromo-,   3-iodo-,    and    3-hydroxy-, 
and  its   acyl  derivatives,  and   3:4- 
dih\omo-  (Crossley  and  Renouf), 
T.,  1487  ;  P.,  209. 
supposed  identity  of  dihydrolaurolene 
and        dihydroisolaurolene        with 
(Crossley  and  Renouf),  P.,  303. 
and   3-hydroxy-,    densities,    magnetic 
rotations,  and   refractive  powers  of 
(Perkin),  T.,  1491. 
lil-Dimethyl-A^-fT/cZohexene,    synthesis 
of   (Crossley  and    Renouf\    T., 
1487  ;  P.,  209. 
density,   magnetic  rotation,    and   re- 
fractive power  of  (Perkin),  T.  ,  1491. 
Dimethylpinylamine     and    its    hydro- 
chloride  (TiLDEN  and  Stokes),   T., 
S38;  P.,  183. 
4:5-Dimetbylpyridine,     2:6-fZ7hydroxy-, 
and  its   hj'drochloride   and  dibenzoyl 
and  isonitroso-derivatives  (Rogerson 
and  Thorpe),  T.,  1696  ;  P.,  239. 
3:4-Dimethylpyridine-5-carboxyIicacid, 
2:6-fZ7hydroxy-,   ethyl   ester,   and   its 
hydrochloride         (Rogerson         and 
Thorpe),  T.,  1701  ;  P.,  239, 
Dimethylpyrone    and  its  hydrochloride 
and  compound  with  alcohol,  molecular 
refractions  of  (Homfray),  T.,  1443  ; 
P.,  226. 
Dimethyltetrazoline   and    its    reactions 

(Rl'HEMANNaudMERRIMAN),T.,1779. 

Dimethylthetine,  Z-menthyl  ester,  salts 
of,  molecular  rotations  of  (Smiles), 
T.,  453;  P.,  93. 

4-iV-Dimetliyl-2:4-tolylenediamine,  5- 
bromo-,  action  of  diazo-compounds  on, 
and  its  acyl  derivatives  (Morgan  and 
Clayton),  T.,  946;  P.,  182. 

Di-;8-naphthacridine  trimagnesium  alkyl 
iodides  (SENiER,Au.sTiN,and  Clarke), 
T.,  1473. 

Dinormenthadiene,  synthesis  of  (Mat- 
surara  and  Perkin),  T.,  668, 

9:9-Diphenoxyfluorene  (Smedley),  T., 
1252  ;  P.,  221. 

Dipbenylacetamide  (Japp  and  Knox), 
T.,  681  ;  P.,  153. 

Diphenylcj/rZobutadienedicarboxylic 
anhydride  (Ruhemann  and  Merri- 
man),  T.,  1394  ;  P.,  225. 

3:4-Diplienyl-6-<er<.-butyl-l:2-diazine 
(Japp  and  Wood),  T.,  712. 

Diphenyl-2' -carboxylic  acid,  2-hydroxy-, 
pentahydroxy-derivative  of  the  lactone 
of,  and  its  penta-acetyl  and  penta- 
benzoyl  derivatives  (Perkin  and 
Nierenstein),  T.,  1425  ;  P.,  186. 
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2:5-Dlphenyl-l:4-diazme    and    its    o:4- 

ilihydro-derivative  (Japp  and  Knox), 

T.,  702;  P.,  153. 
i-Diphenyldicarbamido'^uodo-wi-phenyl- 

enediamine  (Morgan  and  Wootton), 

T.,  939. 
Diphenyldihydrotetrazinedicarboxylic 

acid  and  its  ethyl  ester  (BowAcic  and 

LAPWoirni),  T.,  1867. 
Diphenylenedibenzoylmuconic  acid  (187- 

dipheiii/lenc-aS-diheiizoylbidadieiic-ad- 

dicarboxylic    acid),    ethyl  ester,    and 

its  isomeride  (Japp  and  Wood),  T., 

713. 
Diphenylenetartramide       (Japp       and 

Kxox),  T.,  685. 
Diphenylmethylolid,        ^JCHteliydroxy-. 

See    Diphenyl-2'-carljoxylic    acid,    2- 

hydroxy-,  pentahydroxy-derivative  of 

the  lactone  of. 
Diphenylwopropylidenen/cZopentenone 

(Japp  and  Kn<px),  T.,'673. 
Diphenylthioldibenzylacetone 

(RUHEMANN),   T.,  23. 

Di-;>-tolyldihydrotetrazinedicarboxylic 
acid,  ethyl  ester  (Bowack  and  Lap- 
woRTU),  T.,  1869. 

Dyeing,  a  phase  of  coagulation  (Linder 
and  PicroN),  T.,  1931  ;  P.,  241. 


£. 


Electruciiemistry  : — 
Electric  discharge,  silent,  syntheses 

by  means  of  the  (Collie),  T.,  1540  ; 

P.,  201. 
Electrical  conductivity  of  some  salt 

solutions  in  acetamide  (Walker  and 

Johnson),  T.,  1597  ;  P.,  233. 
Electrolytes,  amphoteric,  influence  of, 

on    amylolytic    action   (Ford    and 

Guthrie),  P.,  296. 
Dielectric   constants  of  phenols   and 

their    ethers    dissolved   in   benzene 

and  v;i-xylene  (Philip  and  Haynes), 

T.,  998;  P.,  200. 
Electromagnetic  fields,  influence  of  very 
strong,  on  the  spark  spectra  of  pallad- 
ium, ruthenium,  and  rhodium  (Pur- 
vis), P.,  241. 
Ellagic  acid   and   its   constitution   and 
tetra-acetyl   derivative    (Peiikin    and 
Nierenstein),  T.,  1413;  P.,  185. 
Enzyme,  hydrolytic,  from   the  seeds  of 
Hydnocarpus    JFiyhtiaiia  and  H.    an- 
thdminthiciis  (Power  and  Barrow- 
cliff),  T.,  892. 
Epinephrine   {cidrenalinc),    synthesis  of 
substances    allied    to    (Barger    and 
JowETT),  T.,  967  ;  P.,  205  ;  (Dakin), 
P.,  154. 


Erythrene,  constitution  of  (Perkin  and 

SiMUNSEN),   T.,   857. 

Esterification   constants  of  substituted 

acrylic       acids      (Sudborough     and 

Roberts),  T.,  1840;  P.,  86. 
Esters,    modification  of  Markownikoff's 
method  of  preparation  of  (Wade), 
T.,  1656;  P.,  240. 

influence  of  water  and  alcohols  on  the 
boiling  point  of  (Wade),  T.,  1656  ; 
P.,  240. 

cryoscopy     of,      in     plienol     solution 
(Robertson),  T.,  1574;  P.,  231. 
j3-NH-Ethenyldiaminonaphthalene 

(Meldola  and  Lane),  P.,  24. 
3-Ethoxydiphenyldiazonium    salts,    4'- 

hydroxy-  (Cain),  T.,  7. 
f^^a-Ethoxypropionic  acid,  Z-bornyl  and 

Z-menthyl    esters,    hydrolysis    of,    by 

alkali  (McKenzie  and  Thompson),  T., 

1017  ;  P.,  184. 
6-Ethoxy-3:4:5-trimethylpyridine,       2- 

hydroxy-   (Rogerson  and    Thorpe), 

T.,  1706. 
Ethyl  alcohol  and  ethyl  cyanide,  molecu- 
lar refractions  of  mixtures  of  (HoM- 
fray),  T.,  1438;  P.,  226. 

compounds     of,    with     bromine     and 
chlorine  (McIntosh),  T.,   784  ;  P., 
64,  120. 
Ethyl  ether,  compounds  of,  with  bromine 

and  chlorine  (McIntosh),  T.,  788;  P., 

64,  120. 
Ethylallylacetic  acid,  ethyl  ester  (Per- 
kin and  Pickles),  T.,  659  ;  P.,  131. 
Ethylallyl/wpropenylmethane  (/3- 

mrlhjil-y-cfhyl-A'^'^-hr.aidlrnr)   and    its 

tetrabronude  (Perkin  and  Pickles), 

T.,  660. 
Ethyldihydrophenanthranil,    hydroxy-, 

and  its    acetyl   derivative  (Japp  and 

Knox),  T.,  682. 
Ethylene  and  mixtures  of  ethylene  and 

carbon  monoxide,  action  of  the  silent 

electric    discharge    on    (Collie),   T., 

1543;  P.,  201. 
Ethylene  bromide,  preparation  of  (Per- 
kin and  Simonsen),  T.,  856  ;  P.,  188. 
Ethylene  glycol  and  water,  viscosity  of 

(Dunstan),  T.,  13. 
Ethylene'ii-bromo-  and  -chloro- diamines 

and  their  s-diacyl  derivatives  (Chatta- 

way),  T.,  382  ;  P.,  61. 
Ethylene/t'<ra-bromo-     and     -chloro-di- 

amines   (Chattaway),   T.,    381;  P., 

61. 
Ethylenediamine,  s-diacyl  derivatives  of 

(Chattaway),  T.,  383  ;  P.,  61. 
Ethylenedicarboxylic  acid.     See  Maleic 

acid. 
Ethylthiolbenzylacetylacetone    (Ruhe- 

mann),  T.,  20. 
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Eudiometer  used  by  the  late  Sir  Edward 
Frankland,  presentation  of,  to  the 
Society  by  Professor  Percy  Frankland, 
P.,  83. 


Ferment.     See  Enzyme. 

Fermentation,      alcoholic,      by     yeast, 

chemical  dynamics  of  the    (Slatok), 

P.,  304. 
Ferric  hydroxide.     See  under  Iron. 
Fluorene,  refractive  and  magnetic  rotat- 
ory power  of  (Perkix),  T.,  1293. 

derivatives,  halochromism  of  (Smed- 
LEY),  T.,  1250;  P.,  221. 

9:9-f^4chloro-derivative  and  disulphide 
compound  of  (Smedley),  T.,  1251  ; 
P.,  221. 
Fluorenene    chloride.        See    Fluorene, 

9:9-diddoro-. 
Fluorenone,    refractive     and    magnetic 

rotatory     power     of     (Perkin),     T., 

129.3. 
Fluorenonediphenylhydrazone        (Arm- 
strong and  Robertson),   T.,   1291  ; 

P.,  180. 
Formaldehyde,  synthesis  of  (Chapman 
and  Holt),  T.,  916  ;  P.,  171. 

thermal  decomposition  of  (Bone  and 
Smith),  T.,  910;  P.,  171. 
Formic  acid  and  water,  molecular  refrac- 
tions of  jnixtures  of  (Homfeay),  T., 

1436;  P.,  225. 
Freezing  points  of  binary  mixtures  of 

organic  substances  (Philip  and  Smith), 

T.,  1735  ;  P.,  255. 
Fructose.     See  Lfevulose. 
Furfurylidenetetrazoline      (Ruhemann 

and  Merkiman),  T.,  1778. 


Q. 


Gallic   acid,  oxidation  of  (Perkin  and 
Nierenstein),  T.,  1429. 

electrolytic   oxidation   of  (A.    G.    and 
F.  M.  Pekkin),  p.,  212. 
Gallotannic      acid,       methylation       of 

(R(j.senheim),  p.,  157. 
Gambler  catechu,  constituents  of  (Per- 
kin), T.,  398;  P.,  89. 
Gas   analysis,    use  of  the  incandescent 

mantle  in  (Mason  and  Wilson),  P., 

296. 
Gas-regulators   for  thermostats,    design 

for(LowRY),  T.,  1030;  P.,  181. 
Glucose.     See  Dextrose. 
Glucosone,  preparation  of  (Morrell  and 

Bellars),  T.,  290  ;  P.,  80. 


Glutaconic  acid,  constitution  of 
(Thorpe),  T.,  1669  ;  P.,  239. 
and  its  anhydride  and  decomposition 
products  (Perkin  and  Tattersall), 
T.,  361  ;  P.,  90. 
alkyl  derivatives  of  (Rogerson  and 
fnoiu'E),  T.,  1685  ;  P.,  239. 

Glutaric  acid,  conversion  of,  into  cyclo- 
propanedicarboxylic  acid  (Perkin  and 
Tattersall),  T.,  361  ;  P.,  90. 

i-Glyceric  acid,  resolution  of,  by  fer- 
mentation and  by  brucine  (Frank- 
land  and  Done),  T.,  618  ;  P.,  132. 

Glycerylphosphoric  acids,  natural  and 
synthetical,  relation  between  (Power 
andTrriN),  T.,  249  ;  P.,  72. 

Glycol.     See  Ethylene  glycol. 

Glycollic  aldehyde,  formation  of  (Fen- 
ton),  T.,  817;  P.,  168. 

Glycoluril  (Fenton),  T.,  815  ;  P.,  168. 

Guaiacol  chlorocarbonate,  reaction  of, 
with  acetylphenylthiocarbamide  (Do- 
ran  and  Dixon),  T.,  343  ;  P.,  78. 

Gynocardase  (Power  and  Lees),  T., 
351  ;  P.,  89;  (Power  and  Barrow- 
cliff),  T.,  897  ;  P.,  177. 

Gynocardia  odorata,  constituents  of  the 
seeds  of  (Power  and  Lees),  T.,  349  ; 
P.,  88  ;  (Power  and  Barrowcliff), 
T.,  896;  P.,  176. 

Gynocardin  and  its  liepta-acetyl  deriva- 
tive (Power  and  Lees),  T.,  349  ;  P., 
88  ;  (Power  and  Barrowcliff),  T., 
897;  P.,  177. 

Gynocardinic  acid  and  its  barium  salt 
(Power  and  Lees),  T.,  351  ;  P.,  89. 


Haloids,  organic,  action  of  metallic  cyan- 
ides on  (Sidgwick),  P.,  120. 

Heptenoic  acids.  See  Ethylallylacetic 
acid  and  a/37-Trimethylcrotonic  acid. 

Heptenyl  alcohol.  See  Dimethylbut- 
euylcarbinol. 

Heptinene.  See  Allylwopropenylmeth- 
ane. 

Heptoic  acid  and  its  derivatives,  physical 
properties  of  (Lumsden),  T.,  93  ;  P., 
14. 

Hexahydrobenzoic  acid.  See  cyclo- 
Hexaiiecarboxylic  acid. 

Hexahydrocymene.     See  ;;-Menthane. 

Hexahydrotsophthalic  acid,  2-  and  4- 
mono-  and  2:3-  and  3:4-r/t-bromo- 
( Perkin  and  Pickles),  T.,  304;  P., 
76. 

<r«?is-Hexahydroisophthalic  acid,  1- 
mono-  and  l:3-f^i-bromo-  and  1- 
hydroxy-  (Goodwin  and  Perkin), 
T.,  850;  P.,  187. 


INDEX  OP  SUBJECTS. 


1959 


Hexaliydro;"sophtlialic  acids,  cis-  and 
trans-,  preparation  and  separation 
of  (Goodwin  and  Perkin),  T., 
841  ;  P.,  187. 
4:5-dibronio-(PERKix  and  Pickles), 
T.,  311  ;  P.,  76. 
Hexahydro-o-toluic  acid   and  a-bromo-, 

ethylesters(KAYand  Perkin),  T., 1071. 
Hexahydro-Hi-toluic  acid  and  its  bromiu- 

ation  and  ethyl  ester  and  o-h}^droxy- 

derivative  (Perkin  and  Tatteksai,l), 

T.,  1084. 
Hexahydro-jj-toluic   acid,    2-viono-  and 

l-:2-di-hTomo-  (Perkin  and  Pickles), 

T.,  646. 
Hexamethylacridine  dimaguesium  alkyl 

iodides       (Senier,      Austin,       and 

Clarke),  T.,  1473  ;  P.,  228. 
Hexamethylene-.     See  cijdoEexa.ne-. 
cyc^Hexaaecarboxylic  acid  (Lumsden), 
T.,  87;  P.,  14. 

and     its    derivatives,    physical     pro- 
perties of  (Lumsden),  T.,  91;  P.,  14. 

and    its    ethyl    ester    and     1-bromo- 
derivative,   preparation  of  (Matsu- 
BARA  and  Perkin),  T.,  663. 
Hexanedicarboxylic    acid.     See   /8)3-Di- 

methyladipic  acid. 
cycZoHexane- 1 : 1 : 3 : 3-  tetracarboxylic 

acid,    preparation   of   (Goodwin   and 

Perkin),  T.,  846. 
S-cycZoHexanonecarboxylic  acid  and  its 

oxime  (Goodwin  and    Perkin),    T., 

852;  P.,  187. 
4-c!/cZoHexanoiiecarboxylic  acid  and  its 

salts  and   semicarbazone   (Lumsden), 

T.,  87  ;  P.,  14. 
Hexyl    acetate,    poitahvomo-    (Perkin 

and  SiMONsEN),  T.,  857  ;  P.,  189. 
Hexylenedicarboxylic  acids.    See  Meth- 

ylethylglutaeoiuc      acid      and      087- 

Trimethylglutaconic  acid. 
Hydnocarpic  acid  and  its  esters,  silver 

salt,  and  amide  (Power  and  Barrow- 
cliff),  T.,  888  ;  P.,  176. 
Hydnocarpus    anthelmint.hicus    and    H. 

fVightiana,  constituents  of  the  seeds 

of  (Power  and  Barrowcliff),   T., 

884  ;  P.,  175. 
Hydrazine    platinocyanide    (Levy    and 

SissoN),  P.,  305. 
Hydrazones,  isodynamic,  solubility  as  a 

measure  of  the  change  undergone  by 

(Robertson),  T.,  1298  ;  P.,  181. 
Hydrizino-halides     from     oxalic    acid 

(BowACK  and  Lapworth),  T.,  1854  ; 

P.,  257. 
Hydrocyanic    acid    {hydrogen    cyanide) 

from  the  seeds  of  Gynocardia  odorata 

(Power  and  Lees),  T.,  352  ;  P.,  88  ; 

(Power  and  Barrowcliff),  T.,  897  ; 

P.,  177. 


Hydrogen  pcroxiie,  action  of,  on  carbo- 
hydrates in  presence  of  ferrous  sul- 
phate (MoRRELL  and  Bellars),  T., 
280;  P.,  79. 
estimation  of,  in  presence  of  potassium 
persulphate    (Friend),    T.,    1367 ; 
P.,  185. 
Hydrogen  sulphide,  interaction  of,  with 
ai-senic    pentoxide    in    presence    of 
hydi'ochloric     acid       (Usher    and 
Travers),  T.,  1370;  P.,  223. 
action   of,  on  sulphur  dioxide  (Lang 
and  Carson),  P.,  158. 
o-Hydroxycarboxylic    acids,    action    of 
heat  on   (Le   Sueur),  T.,   1888;  P., 
285. 
Hydroxy!,  replacement   of,  by  bromine 
(Perkin  and  Simonsen),  T.,  855  ;  P., 
188. 
Hydroxylamine    platinocyanide    (Levy 
and  Sisson),  P.,  305. 


Indaconine,  identity  of,  with  \^-aconine 
and  its  salts  and  the  action  of  heat  on 
(Dunstan  and  Andrews),  T.,  1628  ; 
P.,  234. 

Indaconitine,  extraction  of,  from  Aconit- 
um  clmsmantlmm  and  its  composition, 
properties,  and  salts  (Dunstan  and 
Andrews^,  T.,  1620;  P.,  233. 

Indbenzaconine  and  its  properties  and 
salts  (Dunstan  and  Andrews)  T., 
1625;  P.,  234. 

Indigo,  the  chemistry  of  (Bloxam),  T., 
974. 

IndonecycAjmethylacetoethylene  (Ruhe- 
MANN  and  Merriman),  T.,  1392  ;  P., 
225. 

Iron,  rusting  of  (Dunstan,  Jowett,  and 
Goulding),  T.,  1548  ;  P.,  231  ; 
(Divers),  P.,  251. 
Ferric  hydroxide,  colloidal,  physical 
and  chemical  properties  of  (Linder 
and  Picton),  T.,  1918  ;  P.,  241. 

Isomerides,  geometrical,  the  transmuta- 
tion of  (Stewart),  P.,  73. 
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4-Keto-5-benzylidene  2-methyldihydro- 
furan-3-carboxyIic   acid,    ethyl    ester 
(RuHEMANN     and     Mekriman),    T., 
1393  ;  P.,  225. 

3-Keto-2:5-diplienyl-3:4-diliydro-l:4- 
diazine   (Japp  and   Knox),  T.,  702;' 
P.,  153. 

Ketohexahydrobenzoic  acids.     See  cyclo- 
Hexanonecarboxyiic  acids. 
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Ketones,  condensation  of,  with  mercury 
cyanide  (Marsh  and  Struthers), 
T„  1878  ;  P.,  248. 

a-halogen,  action  of,  on  alkyl  sulph- 
ides (Smiles),  P.,  93. 
Ketonic  compounds,  action  of  phenyl- 
propiolyl  chloride  on  (Ruhemann 
and  Merriman),  T.,  1383;  P., 
224. 

addition  of  sodium  hydrogen  sulphite 
to  (Stewart),  T.,  185  ;  P.,  13,  78. 

olefiuic,  combination  of,  ■with  nier- 
captans  (Ruhemann),  T.,  17,  461  ; 
P.,  123. 


Lactic  acid,  fermentation,  optical  activity 
of  (McKenzie),  T.,  1373;  P.,  224. 

and   water,   viscosity   of  (Dunstan), 
T.,  14. 
fW-Lactic  acid,  ^bornyl  and  Z-menthyl 

esters,      hydrolysis      of,      by     alkali 

(McKenzie  and  Thompson),  T.,  1014  ; 

P.,  184. 
Z-Lactic  acid,   asymmetric  synthesis   of 

(McKenzie),  t.,  1373  ;  P.,  224. 
Laevulose,  action  of  radium  bromide  on 

(Morrell  and  Bellars),   T.,   291  ; 

P.,  80. 
Lead  oxide,  interaction  of,  with  calcium 
carbide  (Pring),  T.,  1538  ;  P.,  231. 

thiosulphate,  dissociation  constant  of 
(Slator),  T.,  492:  P.,  121. 
Light.     See  under  Photochemistry. 
Limonene     nitrosocyanides     and     their 

derivatives    (Leach),    T.,    413;    P., 

117. 
Linin  from  Linicm  catharticum  (Hills 

and  Wynne),  T.,  327  ;  P.,  74. 
IsoLinusic   acid  from  the  oil   from  the 

seeds  of  Gynocardia  odorata  (Power 

and    Barrowcliff),    T.,    899;    P., 

177. 
Liquid    mixtures    of   constant    boiling 
point,      molecular     refractions     of 
(HoMFKAY),  T.,  1430  ;  P.,  225. 

viscosity  of  (Dunstan),  T.,  11. 


Magnesia.     See  Magnesium  oxide. 
Magnesium       carbide,      existence       of 
(Nance),_  p.,  124. 
alkyl    haloids,    interaction    of,    with 
acridines     (Senier,    Austin,    and 
Clarke),  T.,  1469;  P.,  227. 
nitrite  and  its  decomposition  by  heat 
(Ray),  T.,  178. 


Magnesium  oxide,  formation  of,  from 
magnesium  carbonate  by  heat,  and 
the  effect  of  temperature  on  its 
properties  (Anderson),  T.,  257  ;  P., 
11. 
ammonium  selenate  and  sulphate, 
crystallographic  study  of  (Tutton), 
T.,  1123  ;  P.,  177. 

Maleic  acid,  rfthydroxy-,  further  studies 
on  (Fenton),  T.,  804  ;  P.,  168. 

Malonic  acid,  ethyl  ester,  sodium  deriva- 
tive, action  of  phenylpropiolyl  chloride 
on  (Ruhemann  and  Merriman),  T., 
1394  ;  P.,  225. 

Maltose,  methylation  of  (Purdie  and 
Irvine),  T.,  1029;  P.,  215. 

(ZZ-Mandelic  acid,  Z-bornyl  ester,  hydro- 
lysis of,  by  alkali  (McKenzie  and 
Thompson),  T.,  1013  ;  P.,  184. 

Mandelonitrile,  condensation  product  of 
(Japp  and  Knox),  T.,  701  ;  P.,  153. 

Manganese  oxide,  solid  solution  of,  in 
ferric  oxide  (Korte),  T.,  1511  ;  P., 
229. 

Mannose,  alkylation  of  (Irvine  and 
Moodie),  T.,  1462  ;  P.,  227. 

Mantle,  incandescent,  as  a  catalyst,  and 
its  application  to  gas  analysis  (Mason 
and  Wilson),  P.,  296. 

Margaramide,  a-hydroxy-  (Le  Sueur), 
T.,  1893. 

Margaric  acid,  a-hydroxy-,  action  of 
heat  on.  and  its  lactide  (Le  Sueur), 
T.,  1888  ;  P.,  285. 

Melting  points,  determination  of,  at  low 
temperatures  (Guttmann),  T.,  1037; 
P.,  206. 

Memorial  lecture,  Wislicenus  (Perkin), 
T.,  501  ;  P.,  17. 

A^-*i"'-o-Menthadiene,  o-Menthane  and 
its  2-bromo-derivative,  o-Menthanols 
(2)  and  (8),  A^-,  A-<'^'-,  and  A^'-'i-o- 
Menthenes,  and  A^-o-Menthenol(8), 
synthesis  of  (Kay  and  Peiikin),  T., 
1068. 

A-:*''^'-  and  A^8i''>-Hi.-Menthadienes,  vi- 
Menthanols  (3)  and  (8),  A^-  and  A»i')- 
■j^.Menthenes,  and  A-'-  and  A^-?«- 
Menthenols(8),  synthesis  of  (Perkix 
and  Tattersall)",  T.,  1086. 

j^-Menthane,  3:4-fZ(bronio-  (Perkin  and 
Tattersall),  T.,  1106. 

i-Menthene,  synthesis  of,  and  its  nitr- 
osochloride  (Perkin),  P.,  255. 

A^-y)-Menthenol(8),  A^-'i^'-^^-Menthadi- 
ene,  iJ-Menthanol(8),  A-^<"»-;7Mentli- 
ene,  and  ^j-Menthane  and  its  8-bromo- 
dcrivative,  synthesis  of  (Perkin  and 
Pickles),  T.,  639  ;  P.,  130. 

Menthol,  rotation  and  solution  volume 
of  (Patterson  and  Taylor),  T..  34, 
122  ;  P.,  15. 
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Uenthol,  tertiary,  synthesis  of  (Peekin), 
P.,  255. 

Z-Menthylcarbimide,  action  of,  on  alco- 
hols     (PiCKAKD,      LiTTLEBURY,      and 

Neville),  P.,  286. 
Mercaptans,  combination  of,  with   ole- 
tiuic  ketonic  compounds  (Ruhemann), 
T„  17,  461  ;  P.,  123. 
Mercury  compounds,  photographic  radia- 
tion    of    some     (Stkutheks     and 
Marsh),  T.,  377;  P.,  67. 
Dimercurammonium    phosphate    and 
sulphate  (Ray),  T.,  9. 
Mercury  2^e?-chlorates,  action  of  alcohol 
on,  and   Oxymercuric  ^jerchlorates 
(Chikashigk),  T.,  822  ;  P.,  172. 
nitrates,    formation    of  various,    from 

mercurous  nitrite  (Ray),  T.,  171. 
Mercurous  nitrite,  theory  of  the  pro- 
duction  of,   and   of  its   conversion 
into  various  mercury  nitrates  (Ray), 
T.,  171. 
Mercuric  chloride,  electrical  conduc- 
tivity of,  in  acetamide  (Walker 
and  Johnson),  T.,   1598;   P., 
233. 
action  of  acetylene  on  aqueous  and 
hydrochloric   acid   solutions  of 
(Brame),  T.,  427  ;  P.,  119. 
nitrite  (Ray),  T.,  173. 
Mercury  cyanide,  condensation  of,  witli 
ketones  (Marsh  and   Struthers), 
T.,  1878  ;  P.,  248. 
Mercuriacetaldehyde,  ^richloro-,  for- 
mation of  (Brame),  T.,  427;  P.,  119. 
Mesitylene,  latent  heat  of  evaporation 

of  (Brown),  T.,  268  ;  P.,  75. 
Mesozalic  acid  and  semialdehyde   pre- 
paration  of  (Fenton),  T.,  813  ;   P., 
168. 
Metallic  cyanides,  action  of,  on  organic 
bases  (Struthers),  P.,  95. 
action  of,  on  organic  haloids  (SiDG- 
WICK),  P.,  120. 
oxides,   reduction   of,    by  aluminium 
carbide  (Pring),  T.,  1530  ;  P.,  230. 
Metellagic  acid  and  its  acetyl  derivative 
(PERKixand  Nierenstein),  T.,  1426  ; 
P.,  186. 
o-Methoxybenzaldehyde,  action  of  nitro- 
gen  sulphide   on  (Davis),  T.,  1834  ; 
■p.,  258. 
Methyl    alcohol,    compounds    of,    with 
bromine  and  chlorine  (McIntosh),  T., 
784  :  P.,  64,  120. 
Methyl  ether,  compounds  of,  with  brom- 
ine and  chlorine  (McIntosh),  T.,  788  ; 
P.,  64,  120. 
Methyladipic  acids,  o-  and  &•  (Perkin 

and  Tattersall),  T.  ,  1085. 
Methylaminoacetylcatechol      (Dakin), 
P.,  154. 


;)-Methylaminobenzoic  acid  and  its 
metliyl  ester  fJuHNSTuN),   P.,    156. 

2-Methylamino-4-methylthiazole 
(Young  and  Crookes),  P.,  308. 

^-Methylanhydroacetonebenzil,  prepara- 
tion of  (Jait  and  Knox),  T.,  677. 

Methylaniline,  influence  of  temperature 
on  the  action  of  acetyl  thiocyanate  on 
(DoRAN  and  Dixon),|T.,  339  ;  P.,  77 

Methyl  wobutenyl  ketone,  condensation 
of,  with  benzil  (Japi"  and  Knox),  T.  , 
673  ;  P.,  152. 

Methyl  Vsobutyl  ketone,  condensation 
of,  with  benzil  (Jait  and  Knox),  T., 
673;  P.,  152. 

3-Methylcrotonic  acid,  y-cyano-,  ethyl 
ester  (Rogerson  and  Thorpe),  T., 
1687. 

4-Methyl-2:3-dihydrothiazole,  2-imino-, 
iV'-acetyl  derivative  of,  silver  deriva- 
tive (Young  and  Crookes),  P.,  308. 

Methylenecamphor,  hydroxy-,  action  of 
magnesium  methyl  and  ethyl  iodides 
on  (FoRSTER  and  Judd),  T.,  369  ;  P., 
116. 

a-3:4-Methylenedioxyphenyl-oj3-c?i- 
bromo-      and      -/3-bromo-o-hydroxy- 
ethanes  (Barger  and  Jowett),  T. , 
969  ;  P.,  205. 

/y-3:4-Methylenedioxyphenyl-;3-hydroxy- 
ethylmethylamine  and  its  salts  (Barg- 
er and  Jowett),  T.,  970  ;  P.,  205. 

/3-Methyl-o-ethylglutaconic  acid  and  its 
silver  salt,  anhydride,  and  anilic 
acid,  and  a-cyano-,  ethyl  ester 
(Rogerson  and  Thorpe),  t.,  1708  ; 
P.,  239. 
identity  of,  with  /S-methyl-y-ethyl- 
glutaconic  acid  (Thorpe),  T.,  1671  ; 
P.,  239. 

4-Methyl-5-ethylpyridine,  2:6-dihydT- 
oxy-,  and  its  hydrochloride  and  benzoj'l 
and',  isonitroso-dcrivativcs  (Rogerson 
and  Thorpe),  T.,  1709  ;  P.,  239. 

4-MethyI-3-ethylpyridine-5-carboxylic 
acid,  2:6-rfihydroxy-,  ethyl  ester,  and 
its    hvdrochloride    (Rogerson     and 
Thorpe),  T.,  1713. 

Methylethylthetine,  Z-mentliyl  ester, 
salts  of,  molecular  rotations  of 
(Smiles),  T.,  453;  P.,  93. 

iS-Methylgalactoside,  alkylation  of 
(lRViNEaudCAMERON),T.,"902;P.,191. 

3-Methylgluco8ide,  alkylation  of  ( I  r  vine 
and  Cameron),  T.,  900  ;  P.,  191. 

iS-Methylglutaconic  acid,  formation  of 
(Darrishire  and  Thorpe),  T., 
1714  ;  P.,  239. 
its  .silver  salt,  anhydride,  and  anilic 
acid  and  o-cyano-,  ethyl  ester 
(Rogerson  and  Thorpe),  T.,  1687  ; 
P.,  239. 
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)3-Methylglutaric  acid  and  its  anhydr- 
ide and  o-bromo-  and  o-cyano-deriva- 
tives,  ethyl  esters  (Dakbishire  and 
Thorpe),  T.,  1716;  P.,  239. 

Methyl  heptyl  ketone,  bromo-  (Jowett), 
P.,  117. 

l-Methylcyc7ohexaiione-2  (Kay  and 
Perkin),  T.,  1070. 

l-Methylcyc^ohexaiione-S  and  its  oxinie 
and  semicarbazone  (Perkix  and 
Tattersall),  T.,  1088. 

2-Metliylimino-3:4-dimetliyl-2:3-di- 
hydrothiazole      hydriodide      (Young 
and  Crookes),   P.,  308. 

a-Methylmannoside,  alkylation  of  (Irv- 
ine and  Moodie),  T.,  1462  ;  P.,  227. 

Methyl  y8-pheiiylthiol-7-benzylidene- 
propyl  ketone  (Ruhemann),  T., 
465. 

Methylpinoneoxime  and  its  benzoyl 
derivative  and  methyl  ether  (Tilden 
and  Stokes),  T.,  837  ;  P.,  183. 

l-Methylc;/c^opropane-2:3-dicarboxylic 
acid,  2:3-f^ibronio-,  methyl  and  ethyl 
esters  (Jones),  T.,  1064  ;  P.,  216. 

l-Methyl-A-'-c(/cZopropene-2:3-dicarb- 
oxylic  acid,  methyl  and  ethyl  esters, 
bromination  of  (Jones),  T.,  1062  ;  P., 
216. 

o-Methyh'sopropenylhenzene  (Kay  and 
Perkin),  T.,  1071. 

?)i-Methyhsopropenylbenzene  (Perkin 
and  Tattersall),  T.,  1090. 

jj-Methyhsopropenylbenzene  and  its  di- 
bromo-derivative  and  nitrosochloride 
(Perkin  and  Pickles),  T.,  65-3. 

2-Methylpyridine,chloriuationof(SELL), 
T.,  799;  P.,  165. 

4-Methylpyridine,  2:6-(Zihydroxy-,  and 
its  additive  salts  and  dibenzoyl  deriva- 
tive, and  5-carboxylic  acid,  ethyl  ester, 
and  their  isonitroso-derivatives 
(RoGERsoN  and  Thorpe),  T.,  1688; 
P.,  239. 

Methylf^ic^/cZotetranetetracarboxylic 
acid,  ethyl  ester  (Jones),  T.,   1063  ; 
P.,  216. 

Milk,  analysis  of  samples  of,  referred  to 
the  Government  Laboratory  in  con- 
nection with  the  Sale  of  Food  and 
Drugs  Acts  (Thorpe),  T.,  206;  P., 
63. 

Molecular  weights.  See  Weights,  mole- 
cular. 

Murexide,  preparation  of,  from  allox- 
antin  and  alloxan  (Hartley),  T., 
1791  ;  P.,  166. 
absorption  spectra  of,  in  relation  to 
colour  and  chemical  structure 
(Hartley),  T.,  1796  ;  P.,  166. 

Myristic  acid,  o-bromo- (Le  Sueur),  T., 
1902. 


Myristic  acid,  a-hydroxy-,  action  of 
heat  on,  and  its  amide  and  lactide 
(Le  Sueur),  T.,   1888  ;  P.,  285. 

Myristic  aldehyde  and  its  polymeride, 
oxime,  and  semicarbazone  (Le  Sueur), 
T.,  1900. 

Myristyl  cyanide,  o-hydroxy-,  and  its 
hydrolysis  (Le  Sueur),  T.,  1901. 


Naphthacenequinone,      derivatives      of 

(Orchardson   and   Weizmakn),    P., 

307. 
Naphthalene-2-carboxylic  acid,  l:8-di- 

amino-,  and  its  ethyl  ester  (Atkinson 

and  Thorpe),  P.,  305. 
Naphthalene  derivatives,  an  intramole- 
cular change  leading  to  the  formation 

of  (Atkinson  and  Thorpe),  P.,  305. 
Naphthalene-2:7-disulphon^'<rachloro- 

amide  (Chattaway),  T.,  157;  P.,  7. 
Naphthalene-1-    and     -2-sulphonalkyl- 

amides  (Chattaway),  T.,  161  ;  P.,  7. 
Naphthalene-1-  and  -2-sulphonhalogen- 

and    -alkylhalogen-amides  (Chatta- 
way), T  ,  156;  P.,  7. 
Naphthalene-a-      and      -3-sulphonyl-^> 

nitroanilines  (Morgan  and  Micklb- 

thwait),  T.,  924  ;  P.,  179. 
Naphthalene-a-      and     -;8-sulphonyl-^- 

phenylenediamines,    diazotisatiou    of 

(Morgan  and   Micklethwait),   T., 

924;  P.,  179. 
Naphthamethylcoumarin,       azo-deriva- 

tives  from  (Hewitt  and  Mitchell), 

P.,  302. 
Naphthoic     acids,     reduced,     optically 

active   (PicKARD   and   Seville),  T., 

1763;  P.,  257. 
)3-Naphthoylacetic  acid,  ethyl  ester,  and 

its  hydrazone  (Weizmann  and  Falk- 

NER),  p.,  307. 
)3-Naphthoylacetoacetic  acid,  ethyl  ester 

(Weizmann  and  Falkner),  P.,  307. 
Naphthoylbenzoic   acid,    derivatives  of 

(Oix'HARDSON   and    Weizmann),  P., 

307. 
a-Naphthylamine,     freezing    points    of 

mixtures  of,  with  the  dihydric  phenols 

(Philip  and  Smith),  T.,  1735;  P.,  255. 
1:3-Naphthylenediainine  and  its  diacetyl 

derivative   (Atkinson  and  Thorpe). 

P.,  306. 
Nickel  oxide,  solid  solution  of,  in  ferric 

oxide  (Korte),  T.,  1514  ;  P.,  229. 
Nitrites,  constitution  of  (Ray  and  GaS- 

guli),  p.,  278. 
Nitrocompounds,     mechanism    of    the 

hydrogen  sulphide  reduction  of  (Cohen 

and  McCandlish),  T.,  1257  ;  P.,  222. 
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Nitrogen,  the  chemistry  of  (Armstrong 
and    KOBERTSOX),    T.,    1272;    P., 
180. 
atomic  weight  of  (Gray),  T.,   1601  ; 

P.,  156;  (Scott),  P.,  309. 
compounds,  quinquevalent,  formation 
and  configuration  of   (Jones),   T., 
1721;  P.,  237. 
iodide,   constitution  of  (Silberrad), 
T.,  55. 
metallic    derivatives   of,    and   their 
bearing  on  its  constitution  (Sil- 
berrad), T.,  66. 
sulphide,  action  of,  on  acetic  acid  and 
its  halogen  derivatives,  acetic  an- 
hydride,    and      propionic      acid 
(Francis),  T.,  1836  ;  P.,  258. 
action   of,    on    aromatic    aldehvdes 
(Davis),  T.,  1831;  P.,  258.  " 
estimation  of  organic,  in  potable  >vaters 
(Brown),  T.^  1051;  P.,  208. 
Nitrogen    atom,     asymmetric,     further 
analogy     between     the     asymmetric 
carbon   atom  and  (Jones),    T.,   135  ; 
P.,  10. 
Nonenyl    alcohol.     See  Dimethylethyl- 

butenylearbinol. 
Noninene.      See   EthylallyKsopropenyl- 

methane. 
Normenthane  and  8-bromo-,  Normenth- 
anol(8)  and  its  phenylurethane,  a^'* ■*'- 
Normenthadiene  and  its  dibromide, 
A**^'-Nornienthene,  and  A*-Normen- 
tlienoi;8),  synthesis  of  (Matsu- 
BABA  and  Perkin),  T.,  661  ;  P., 
131. 


0. 


Obituary  notices  : — 

Frederick  Augustus  Abel,  T.,  564. 
Comelis    Adriaan    Lobry   de    Brnyn, 

T.,  570. 
Edward  Frankland,  T.,  574. 
John  Hall  Gladstone,  T.,  591. 
Wladimir     W.     Markownikoff,      T., 

597. 
Lyon  Playfair,  T.,  600. 
Alexander   William    Williamson,   T., 
605. 

Octamethyl  glucosidoglucoside  (Purdie 
and  Irvine),  T.,  1025  ;  P.,  215. 

Octamethyl  sucrose  (Purdie  and 
Irvine),  T.,  1028  ;  P.,  215. 

Optical  optivity.  See  under  Photo- 
chemistry. 

Oxalic  acid,  ferrous  salt,  molecular  con- 
dition of,  in  solution  (Sheppard  and 
Mees),  T.,  189  ;  P.,  10. 


Oxalic  acid,  magnesiiun  salt,  occlusion 
of,   by  calcium  oxalate  (Korte),   T., 
1508;  P.,  229. 
Oximes,    velocity    of   formation   of,   in 
certain  ketones  (Stewart),  T.,  410  ; 
P.,  84. 
Oxygen,  basic  properties  of  (McIntosh), 
T.,  784;  P.,  64,  120. 
quadrivalency     of    (Homfray),     T., 

1443;  P.,  226. 
action  of  ultra-violet  light  on   moist 
and  dried  mixtures  of  carbon  mon- 
oxide and  (Cha  dwick,  Ramsbottom, 
and  Chapman),  P.,  287. 
Oxymercuric  ^^e/chlorates.     See    under 
Mercury. 


Palladium,     influence    of    very    strong 
electromagnetic    fields    on   the   spaik 
-spectra  of  (Purvis),  P.,  241. 
Falmatisine   from  Aconitum  palmalum 
(Dunstan  and  Henry),  T.,  1651  ;  P., 
235. 
Palmitic    acid   from   the   oil   from    the 
seeds  of  Gynocardia  odoraia  (Power 
and   Barrowgliff),    T.,   899;   P., 
177. 
o-bromo-,  preparation  of  (Le  Sueur), 

T.,  1895. 
o-hydroxy-,  preparation  of,   action  of 
heat  on,   and  its  amide  and  lactide 
(Le  Sueur),  T.,  1888  ;  P.,  285. 
Palmitic  aldehyde  and  its  polymeritle, 
oxime,  and  semicarbazone  (Le  Sueur). 
T.,  1892. 
Palmityl   cyanide,  o-hydroxy-,  and  its 

hydrolysis  (Le  Sueur),  T.,  1893. 
Pentadecyl  cyanide,  o-hydroxy-,  and  its 

hydrolysis  (Le  Sueur),  T.,  1896. 
Pentadecylic  acid  and  its  salts,  esters, 
and     amide,     and     o-bromo-     (Le 
SuEUi;),  T.,  1898. 
o-hydroxy-,  action  of  heat  on,  and  its 
amide  and  lactide  (Le  Sueur),  T., 
1899. 
Pentadecylic  aldehyde  and  its  polymer- 
ide,   oxime,    and    semicarbazone   (Le 
Sueur),  T.,  1896. 
Pentane.     See  Tetramcthylmethane. 
Pentanedicarboxylic  acids.    See  Methyl- 

adipie  acids. 
Pentenedicarboxylic  acid.      See  oj3-Di- 

methylglutaconic  acid. 
Pentenoic   acid.     See   )3-Methylcrotoiiic 

acid. 
Permonosulphuric     acid.       See     under 

Sulphur. 
PhenacyldialkylBulphine  salts  (Smiles), 
P.,  93. 
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Fhenanthranil  and  its  acetyl  derivative 

and  its  lactim  ester  (Japp  and  Knox), 

T.,  682;  P.,  153. 
Phenanthranilic  acid,  ethyl  ester  (Japp 

and  Knox),  T.,  682. 
Fhenanthraquinone,    condensations    of, 

with    ketonic  compounds   (Japp   and 

Wood),  T.,  712. 
Fhenantiiraqaiiioiiedihydrocyanides, 

isomeric,  and  their  diacetyl  derivatives 

(Japp     and     Knox),    T.,    681  ;     P., 

153. 
Phenanthrene,    9-hydroxy-    (Japp   and 

Knox),  T.,  684. 
Phenaiitlirene-9-carboxylic     acid,     10- 

amino-.  See        Phenanthranilic 

acid. 
9-Plienanthryl  oxide  (Japp  and  Knox), 

T.,  684. 
Phenol,  dielectric  constants  of,  dissolved 
in  benzene  and  7/i-xylene  (Philip  and 
Haynes),  T.,  1001  ;  P.,  200. 

p-amino-,  JV-acetyl  derivative,  nitra- 
tion of  (Meldola  and  Stephens), 
T.,  1203;  P.,  218. 

2:6-rfinitro-4-amino-.  See  isoPicramic 
acid. 

2:4:6-<nnitro-.     See  Picric  acid. 
Phenol     ethers,     di-o-substituted,     the 

Zeisel  reaction  in  (Boyd  and  Pitman), 
■      T.,  1255;  P.,  221. 
Phenols,  ultra-violet  absorption  spectra 
of  (Baly  and  Ewbank),  T.,  1347  ; 
P.,  203. 

and  their  ethers,  dissolved  in  benzene 

and    wi-xylene,    dielectric  constants 

of  (Philii-  and  Haynes),  T.,  998  ; 

P.,  200. 

Phenyl    chlorocarbonate,    reaction    of, 

with  potassium  thiocyauate  in  presence 

of  benzene   and   amines  (DoKAN  and 

Dixon),  T.,  342;  P.,  77. 
Phenyl      i3-woamylthiol-7-benzylidene- 

propyl  ketone  (Ruiiemann),  T.,  24. 
Phenylbenzylideneazlactone,   action    of 

phenyl   niercaptan    on    (Ruhemann), 

T.,  468;  P.,  123. 
7- Phenyl -?i-hutyric      acid,      o-cyano-)8- 

imino-,   ethyl    ester    (Atkinson    and 

Thorpe),  P.,  305. 
Phenyl-2:3:6-<ri:chloro-4-hydroxy- 

phenylamine,     s-<nchloro-,     and    its 

benzoyl      derivative      (Oiiton       and 

Smith),  T.,  391;   P.,  92. 
5-Phenyl-3:7-dimethylacridine,     2:8-rft- 

amino-.     See  Benzotlavine. 
Phenyldimethylcarbinol      (Matsubara 

and  Pekkin),  T.,  671. 
m-Phenylenediamine,  symmetrically  di- 

substituted,  azo-derivatives  of  (Mor- 
gan   and   Wootton),   T.,    937  ;    P., 

179. 


?ii-Phenylenedianiine,  6-bromo-4-nitro- 
and6-chloro-4-nitro-,  and  their  diacetyl 
derivatives,  and  2:6-f^ibromo-4-nitro- 
and  rfiiodo-  (Morgan  and  Wootton), 
T.,  938;  P.,  179. 

^j-Phenylenediamine,  monoacyl  deriva- 
tives, action  of  nitrous  acid  on  (Moji- 
GAN  and  Micklethwait),  T.,  930; 
P.,  179. 

(i^Phenylethoxyacetic  acid,  /-bornyl 
and  /-meuthyl  esters,  hydrolysis  of, 
by  alkali  (McKenzie  and  Thompson), 
T.,  1010  ;  P.,  184. 

^Phenylethylamine  (Kipping  and 
Hunter),  P.,  126. 

2-Phenylethylamino-5-methyl-4:5-di- 
hydrothiazole  and   its  platinichloride 
(Young  and  Ckookes),  P.,  308. 

Phenylglycine,  preparation  of  (de 
Mouilpied),  T.,  438. 

Phenylglycinoacetic  acid,  esters,  con- 
densation of,  in  presence  of  sodium 
alkvloxides  (de  Mouilpied),  T.,  435  ; 
P., "63. 

)3-Phenylglycinopropionic  acid  and  its 
esters,  preparation  of,  and  condensa- 
tion of  the  esters  (de  Mouilpied),  T., 
441  ;  P.,  64. 

Phenylhydrizinoaminomethylenecarb- 
oxylic  acid  and  its  ethyl  ester,  and  ^?- 
chloro-,  and  amide  (Bowack  and  Lap- 
W(MnH),  T.,  1864. 

Phenylhydrizinohalogenmethylenecarb- 
oxylic  acids  and  their  bromo-,  chloro-, 
and  nitro-derivatives,  ethyl  esters 
(Bowack  and  Lapworth),  T.,  1857. 

Phenylhydroxypyrrolinecarboxylic  acid 
and  its  ethyl  ester  (de  Mouilpied), 
T.,  443  ;  P.,  64. 

Phenyliniino-2:3:6-</Jchlorobenzoqmn- 
one,  A-<;-ichloro-  (Orton  and  Smith), 
T.,  390  ;  P.,  92. 

2-Phenylimino-3:4-dimethyl-2:3-di- 
hydrothiazole     and    its   platinichlor- 
ide (Young  and  Crookes),  P.,  308. 

2-Phenyliniino-5-methyltetrahydrothi- 
azole  and  its  acetyl  and  silver  deriva- 
tives (Young  and  Crookes),  P.,  308. 

Phenylmethylacridol,  constitution  of 
(Dup.BiEandTiNKLER),T.,269  ;  P.,  74. 

Phenyl  /3-phenylthiol-7-benzylidene- 
propyl  ketone  (Ruhemann),  T.,  24. 

Phenylpropiolic  acid,  preparation  of 
(SriniORiiUGii  and  James),  P.,  87. 

Phenylpropiolyl  chloride,  action  of,  on 
ketonic  compounds  (Ruhemann  and 
Mekriman),  T.,  1383;  P.,  224. 

Phenylthiolbenzylacetoacetic  acid,  ethyl 
ester  (Kuhemann),  T.,  20. 

Phenylthiolbenzyl-acetone,  -acetyl- 

acetone,-benzoylacetone,  and  -benzyl- 
ideneacetone  (Ruhemann),  T.,  20. 
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Phenylthiolbenzyl-acetophenone,  -benz- 
oylacetic  acid,  ethyl  ester,  and  -de- 
oxybenzoin  (Ruhemanx),  T.,  464. 
4-Phenylthiolbenzyl-l-phenyl-3-methyl- 
pyrazolone-5  (Ruhemaxn),  T.,  467  ; 
r.,  123. 
a  Phenyltliiol-;8-methoxybenzoylstyrene 

(RuHEMANN),  T.,  467  ;  P.,  123. 
C'-Phenyl  .s-triazole    and     its     additive 
salts,    and    acetyl  and   carbamido-de- 
rivatives  (Young),  T.,  625  ;  P.,  131. 
Phloroglucinol,  tr ihromo-  (Pkrkin  and 

SiMONsEx),  T.,  858. 
Phosphorous    bromide,    chloride,     and 
iodide,   interaction  of,    with  alcohols 
(Walkeu  and  Johnson),  T.,    1592  ; 
P.,  232. 
Photochemistry  : — 
Light,  ultra-violet,  action  of,  on  moist 
and  dried  mixtures  of  carbon  mon- 
oxide    and     oxygen     (Chadwick, 
Ramsbottom,   and  Chapman),  P., 
287. 
Photographic    development,    the    re- 
versibility of,    and  the  retarding 
action  of  soluble  bromides  (Shei'- 
pard),  T.,  1311  ;  P.,  223. 
radiation    of   some    mercury    com- 
pounds (Struthers  and  Marsh), 
T.,  377  ;  P.,  67. 
Optical  activity,  relation  of,  to  posi- 
tion isomerism  (Cohen  and  Armes), 
T.,   1190  ;    P.,    218  ;    (CoHEN   and 
ZoRTMAN),  p.,  306. 
Optical  properties  in  relation  to  chemi- 
cal  constitution    (Armstp.ono  and 
Robertson),  T.,  1272  ;  P.,  180. 
Optical  superposition,  studies  in  (Pat- 
terson and  Taylor),  T.,  33. 
Optically  active  bornyl  and  menthyl 
esters,  racemisation  phenomena  oc- 
curring during  the  hydrolysis  of,  by 
alkali  (McKenzie  and  Thompson), 
T.,  1004;  P.,  184. 
Optically  active  compounds,  influence 
of  solvents  on  the  rotation  of  (Pa  r- 
terson  and  Taylor),  T.,  122  ;  P., 
15  ;  (Patterson),  T.,  313  ;  P.,  78. 
Rotation  of  optically  active  compounds, 
influence  of  solvents  on  the  (Pat- 
terson and  Taylor),  T.,  122;  P., 
15  ;  (Patterson),  T.,  313;  P.,  78. 
Refractions,  molecular,  of  compounds 
containing  quadrivalent  oxygen 
(Homfray),  T.,  1443  ;  P.,  226. 
of  some   liquid  mixtures  of  con- 
.stant  boiling  point  (Homfuay), 
T.,  1430  ;  P.,  225. 
Spectra,  absorption,    in    relation     to 
colour      and      chemical      structure 
(Hartley),   T.,    1796,    1822;   P., 
166,  167. 


Photochemistry  :— 
Spectra,  ultra-violet  absorption,  of  aro- 
matic compounds  (Baly  and 
Collie),  T.,  1332;  P.,  203; 
(Baly  and  Ewbank),T.  ,1347, 
1355;  P.,  203,  210. 
of  certain   diazo-compounds  in 
relation  to  their  constitution 
(DoBBiE  and  Tinkler),  T., 
273;  P.,  75. 
of  enol-keto-tautomerides  (Baly 
and  Desch),  T.,  766;  P.,  84. 
spark,  of  metals,  influence  of  very 
strong   electromagnetic   flelds   on 
(Purvis),  P.,  241. 
i9oPhthalic  acid,  reduction  of  (Perkin 
and     Pickles),     T.,    293;    P.,    7a; 
(Goodwin  and  Perkin), iT.,  841  ;  P., 
187. 
Picolinic  acid,  3:4:5-<richloro-,  and  its 
methyl  ester  and  amide  (Sell),   T., 
802  ;  P.,  165. 
/soPicramic   acid,   acetyl   derivative   of, 
and   its   salts,    and    its    diazotisation 
(Meldola  and  Stephens),  T.,  1203  ; 
P.,  218. 
Picric  acid,  freezing  points  of  mixtures 
of,     with     the     dihydric     phenols 
(Philip  and  Smith),  T.,  1735  ;  P., 
255. 
estimation  of,  in  picric  acid  additive 
compounds  (Sinnatt),  P.,  297. 
Pilocarpine,  constitution   of  (Jowett), 

T.,  794;  P.,  172. 
i'ioPilocarpine,  conversion  of,  into  pilo- 
carpine (Jowett),  P.,  794  ;  P.,  172. 
Pinene  nitrosochloride,  action  of  mag- 
nesium methvl  iodide  on  (Tilden 
and  Stokes),  T.,  836  ;  P.,  183. 
isonitrosocyanide   and  its  derivatives 
(Tilden  and  Burrows),  T.,  344  ; 
P.,  94. 
Piperazine,  action  of  hypobromous  acid 
on  (Chattaway  and  Lewis),  T.,  951 ; 
P.,  183. 
Piperidine,  influence  of  temperature  on 
the   action  of  acetyl   thiocyanate   on 
(DoRAN  and  Dixon),  T.,  339  ;  P.,  77. 
Piperonaldehyde,  action  of  nitrogen  sul- 
phide    on    (Davis),    T.,    1834;     P., 
258. 
Piperonyl    fZibromide,    Mameli's,    com- 
position of  (Baiioer  and  Jowett), 
T.,  973  ;  P.,  206. 
chloride  (Perkin  and  Robinson),  P., 
287. 
Piperonylacetic   acid,   ethyl   ester,  and 
its    copper    derivative    (Perkin   and 
Robinson),  P.,  287. 
Piperonylacetoacetic  acid,   ethyl  ester, 
and  its  sodium  and  copper  derivatives 
(Perkin  and  Robinson),  P,,  287. 
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Piperonylidenetetrazoline    (Ruhemaxn 

and  Meuriman),  T.,  1776. 
Plant  food,  available,   in  soils  (Ingle), 

T.,  43. 
Platinocyanides,  some  new  (Levy  and 

Sis.soN),  p.,  .305. 
Polythionic  acids.     See  under  Sulphur. 
Position  isomerism,  relation  of,  to  optical 
activity    (Cohen    and    Armes),    T.  , 
1190;    P.,   218;    (Cohen  and  Zort- 
man),  p.,  306. 
Potable  water.     See  under  Water. 
Potassium  bromide,  solubility  of  bromine 
in  (WoRLEY),  T.,  1107;  P.,  209. 
chloride   and    iodide,    electrical    con- 
ductivity of,  in  acetamide  (Walker 
and  Johnson),  T.,  1599  ;  P.,  233. 
cyanide,  electrical  conductivity  of,  in 
acetamide  (Walker  and  Johnson), 
T.,  1599  ;  P.,  233. 
^frraauganate,  estimation  of,  in  pre- 
sence    of     potassium     persulphate 
(Friend),  T.,  738;  P.,  133. 
nitrite  and  its  decomposition  by  heat 

(Ray),  T.,  178. 
bismuth  nitrite  (Ball),  T.,  762;  P., 
130. 
Propane,     s4rihromo-,    preparation     of 
(Perkin  and  Simon.sen),  T.,  856  ;  P., 
188. 
Propanedicarboxylic  acid.    See  Glutarlc 

acid. 
c(/c?oPropanedicarboxylic    acid,    forma- 
tion  of,  from   glutaiic  acid  (Perkin 
and  Tattersall),  T.,  362  ;  P.,  90. 
fj/c/oPropanedicarboxylic  acids,  cis-  and 

trans-  (Perkin),  T.,  359  ;  P.,  90. 
Propanetetracarboxylic  acid,  f/ibromo-, 
ethyl  ester,  action  of,  on  the  disodiuni 
derivative  of  ethyl  propanetetracarb- 
o-xylate  (Pekkix),  T.,  358  ;  P.,  90. 
ci/ctoPropanetetracarboxylic  acid  and  its 
ethyl   ester   (Perkin).    T.,   359  ;   P., 
90. 
isoPropenylbenzene    (M.\tsubara    and 

Perkin),  T.,  672. 
Propionic  acid,  action  of  nitrogen  sul- 
phide on  (Francis),   T.,    1837 ;   P., 
258. 
li-Propyl  alcohol,  behaviour  of  solutions 
of,    towards    semipermeable    mem- 
branes (Findlay  and  Short),  T., 
819;  P.,  170. 
and  benzene  and  n-propyl  alcohol  and 
water,  viscosity  of  (Dunstan),  T., 
12. 
tsoPropylanhydroacetonebenzils,  o-  and 
fi-  (Japp  and  Knox),  T.,  673  ;  P.,  152. 
Propylenedicarboxylic  acid.     See  Glut- 

aconic  acid. 
^soPropylhexametbylene.        See      Nor- 
menthane. 


;3-2'.wPropylideneanhydroacetonebenzil 

and  its  acetyl  derivative  (Japp  and 
Knox),  T.,  673  ;  P.,  1.52. 
Purine  derivatives,  absorption  spectra 
of,  in  relation  to  colour  and  chemical 
structure  (Hartley),  T.,  1802;  P., 
166. 
Purpurogallin,  methylation  of  (Perkin), 

P.,  211. 
zsoPurpurogallone  and  its  anhydride  and 
tetramethyl  ether  (Perkin),  P.,  211. 
Pyrazine-2:5-dicarboxyIic  acid,  synthesis 

of  (Fenton),  T.,  806  ;  P.,  168. 
Pyridine,  methyl  derivatives,  clilorina- 
tion  of  (Sell),  T.,  799  ;  P.,  165. 
3:4:5-</-ichloro-  and  3:4:5-<rjchloro-2- 

amino-  (Sell),  T.,  802  ;  P.,  165. 
2:6-f?thydroxy-,    alkyl    derivatives   of 
(Rogerson  and  Thorpe),  T.,  1685; 
P.,  239. 
Pyridine-2-carboxylic  acid.     See  Picol- 

iiiic  acid. 
Pyrobikhaconitine  and  its  salts  (Dun- 
stan and  Andrews),  T.,  1648  ;  P., 
234. 
Pyrogallol   trimethyl  ether,  the  Zeisel 
reaction   on   (Boyd   and    Pitman), 
T.,  1255  ;  P.,  221. 
(//bromo-,  and  its  triacetyl  derivative 
(Perkin  and  Simonsen),  T.,  858. 
Pyroindaconitine  and  its  hydrobromide 

(Dunstan  and  Andrews),  T.,  1631. 
Pyromeconic  acid,  molecular  refraction 

of  (Homfray),  T.,  1454  ;  P.,  226. 
Pyrone  and  its  hydrochloride,  molecular 
refractions  of  (Ho.mfray),  T.,  1452  ; 
P.,  226. 
hydroxy-.     See  Pyromeconic  acid. 


Quinine,  estimation  of  (Robertson).  P., 

242. 
Quinol,    freezing  points  of  mixtures  of, 

with    jt)-toluidine,     o-naphthylamine, 

and  picric  acid  (Philip  and  Smith), 

T.,  1747;  P.,  255. 
Quinoneanil,  Jtej-acWoro-.     See  Phenyl- 

imino-2:3:6-</ichlorobenzoquinone,   s- 

trichloio-. 


E. 


Racemisation  phenomena  occuning 
during  the  hydrolysis  of  optically 
active  menthyl  and  bornyl  esters  by 
alkali  (McKenzie  and  Thompson),  T., 
1004;  P.,  184. 

Radium  bromide,  action  of,  on  fructose 
(MoRRELL  and  Bellars),  T.,  291  ; 
P.,  80. 
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Hefraction.     See  under  Photocheniistiy. 

Resorcinol,  freezing  points  of  niixtuies 

of,    with    ^-toluidine,    o-naplithyl- 

amine,  and  picric  acid  (Philip  and 

Smith),  T.,  1744;  P.,  255. 

iodonitro-,  methyl  ethers  of  (Meldola 

and  Stephens),  T.,  1201  ;  P.,  218. 

Rhamnosone,  preparation  of  (Morrell 

and  Bkllars),  T.,  289  ;  P.,  80. 
Bhodium,  influence  of  very  strong  electro- 
magnetic fields  on  the  spark  spectra 
of  (Purvis),  P.,  241. 
Rings,  bridged,  synthetical  formation  of 

(Perkin  and  Simonsen),  P.,  256. 
Rotation.     See  under  Photochemistry. 
Ruthenium,    influence    of   very    strong 
electromagnetic   fields    on    the   spark 
spectra  of  (Purvis),  P.,  241. 


"Saccharin."   See  o-Benzoic  sulphinide. 
Sacclmroiiiyces  cerevisiw,  influences  regu- 
lating  the   reproductive   functions  of 
(Brown),  T.,  1395;   P.,  225. 
Salicylamide,  benzoyl  derivatives,  labile 
isomerism    among    (Titherley    and 
Hicks),  T.,  1207  ;  P.,  219;  (Tither- 
ley), P.,  288. 
Salicylic     acid,     influence     of    various 
sodium    salts    on    the    solubility    of 
(Philip),  T.,  987;  P.,  200. 
Selenium  hexafluoride  (Prideaux),  P., 

238. 
Silicon  organic  compounds  (Kipping), 
P.,  65. 
including  the  group  SiN,  formation  of 
(Reynolds),  T.,  1870  ;  P.,  249. 
Silicophenyl-amide  and  -imide,  bromin- 
atiou  of  (ReyxNOLDs),  T.,   1870;    P., 
249. 
Silver  nitrite,  two  varieties  of  (Ray  and 
Ganguli),    p.,    278;    (Divers), 
P.,  281. 
action  of  heat  on  (R.ay  and  Gan- 
guli), P.,  279  ;  (Divers),  P.,  281. 
fZi'oxide  and  ^Jeroxynitrate  (Watson), 
P.,  297. 
Sodium  salts  of  weak  acids,  influence  of, 
on  the  solubility  of  sparingly  soluble 
acids  (Philip),  t.,  987  ;  P.,  200. 
Sodium  nitrite  and  its  decomposition  by 
heat  (Ray),  T.,  178. 
ammonium    bismuth    nitrite   (Ball), 

T.,  761  ;    P.,   129. 
alum  (Wadmore),  P.,  150. 
hydrogen    sulphite,    addition    of,    to 
ketonic  compounds  (Stewart),  T., 
185;  P.,  13,  78. 


Soils,  available  plant  food  in  (Ingle), 

T.,  43. 
Solubility  as  a  measure  of  the  change  of 
isodynamic    hydrazones     (Robert- 
son), T.,   1298;  P.,  181. 
of   sparingly   soluble   salts,    influence 
of    various    sodium     salts    on    the 
(Philip),  T.,  987  ;   P.,  200. 
Solution   and   pseudo-solution   (Linder 

and  Picton),  T.,   1906;    P.,  240. 
Solutions,  solid  (Korte),  T.,  1503;  P., 

229. 
Solvents,  influence  of,  on  the  rotation  of 
optically   active    compounds   (Pat- 
terson and  Taylor),  T.,  122  ;  P., 
15;    (Patterson),    T.,    313;    P., 
78. 
of  high  boiling  point,  application  of 
the  microscopic  method  of  molecular 
weight   determination   to  (Barger 
and  EwiNs),  T.,    1756;  P.,  250. 
mixed,  association   in   (Barger),  T., 
1042;  P.,   204. 
Specific     heat.     See       under    Thermo- 

cliemistry. 
Spectra.     See  under  Photochemistry. 
Stearic    acid,    di-,    tetra-,    and    hexci- 
hydroxy-,  from  the  oil  from  the  seeds 
of    Gijnocardia   oclorata   (Power   and 
Barr'owcliff),  T.,  899;    P.,  177. 
Substance,  CjaHigO,  and   CnH.^fiO,  and 
their  dibromides,  from  the  action  of 
magnesium   alkyl  iodides  on   hydr- 
oxymethyleuecamphor        (  Forster 
and  Judd),  T.,   369  ;    P.,  116. 
C'l.HiaOgN,  CijHiAN,  andCieH^OeN, 
from    the     condensation    of    ethyl 
phenylglycinoacetate     with     oxalic 
esters  in  presence  of  alkyl    oxides 
(DE  Mouilpied),  T.,  447';  P.,  64. 
CooHoflOg,  from  the  action  of  phenyl- 
propiolyl  chloride  on  ethyl  soJiomal- 
onate  (Ruheiiann  and  Merriman), 
T.,  1395;  P.,  225. 
Substitution   of   hydroxyl   by   bromine 
(Perkin  and    Simonsen),   T.,   855  ; 
P.,  188. 
Sucrose,    methylation   of  (Purdie   and 

Irvine),  T.,  1028;  P.,  215. 
Sugar  solutions,  osmotic  pressure  of,  in 
mixtures  of  alcohol  and  water  (Bar- 
low), P.,  242. 
Sugars,  change  in  the  optical   activity 
of  solutions  of,  during  oxidation   by 
hydrogen     peroxide     in    presence    of 
ferrous      sulphate      (Morrell      and 
Bellars),  T.,  281;   P.,  79. 
Sulphonamides,    iV"-halogen    derivatives 

of  (Chattaway),  T.,  145;   P.,  7. 
o-Sulphonz/iOJio-    and    -c^/-chloroamido- 
benzoic  acids  (Chatt-\way),  T.,  1883  ; 
P.,  284. 
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Sulphur,  quadrivalent,    an   asymmetric 

synthesis  of  (Smiles),  T.,  450  ;  P., 

92. 
dioxide,     action     of,     on      hydrogen 

sulphide  (Lang  and    Caeson),  P., 

158. 
Permonosulphuric        acid,        Caro's, 

formula  of  (Price),  P.,  299. 
Polythionic  acids,  formation  of  (Lanc; 

and  Carson),  P.,  159. 
Synthesis  by  means  of  the  silent  electric 

discharge  (Collie),  T.,  1540  ;    P., 

201. 
asymmetric,  studies   in  (McKenzie), 

T.,  1373;   P.,  224. 


T. 


Tartaric  acid,  ethyl  ester,  rotation  of, 
in  chloroform  (Patterson),  T., 
313  ;    P.,  78. 

menthyl  ester,  rotation  and  solution- 
volume  of  (Patterson  and  Taylor), 
T.,  37,  124  ;  P.,  15. 
Tautomerides,     enol-keto-,    ultra-violet 

absorption     spectra     of    (Baly     and 

Desch),  T.,  766;   P.,  84. 
Tellurium  hexafiuoride  (Prideaux),  P., 

238. 
Terpenes,    synthesis    of    (Perk in    and 

Pickles),  T.,  639,  655  ;  P.,  130,  131  ; 

(Matsubara  and  Perkin),  T.,  661  ; 

P.,    131;    (Kay    and    Perkin),    T., 

1066  ;  P.,  216  ;  (Perkin  and  Tatter- 

sall),  T.,  1083;  P.,  217. 
Tetraethylsuccinic  acid  and  its  anhydride 

and   methyl    hydrogen    ester  (J.   and 

A.  P.  Walker),  T.,  961;   P.,  210. 
A^-Ietrahydrojsophthalic   acid  and    its 

salts,     anhydride,     and    auilic     acid 

(Perkin  and  Pickles),  T.,  302;  P., 

75. 
A^-Tetrahydroii'ophthalic  acid,  formation 
of  (Goodwin  and  Perkin),  T.,  851  ; 
P.,  187. 

and  its  oxidation  and  transformation 
into     the     A'--acid     (Peiikin     and 
Pickles),  T.,  307;   P.,  76. 
A^-Tetrahydroisophthalic  acids,  cis-  and 

tnmt-   (Perkin    and    Pickles),    T., 

310;   P.,   76. 
A*-Tetrahydro-o-toluic    acid     and     its 

oxidation  and  ethyl  ester  (Kay  and 

•Perkin),  T.,  1072. 
Tetrahydro-7//-toluic  acids,  A^-  and  A*-, 

and  their  ethyl  esters,  and  oxidation 

(Perkin  and  Tattersall),  T.,  1085. 
A^-Tetrahydro-?'-toluic     acid     and     its 

ethyl  ester  (Perkin  and  Pickles),  T., 

645;  P.,  130. 


Tetramethylammonium  hydroxide  and 

its  hydrates  (Walker  and  Johnston), 

T.,  955  ;  P^  210. 
Tetramethyl   mannoside   and   mannose 

(Irvine  and  Moodie),  T.,  1462  ;  P., 

227. 
Tetramethylmethane    {fiP-dimethylprop- 

ane),     s-tetrahromo-     (Perkin     and 

Simonsen),^T.,  857  ;  P.,  189. 
Tetramethyl  methylgalactosides 

(Irvine  and  Cameron),  T,,  902;  P., 

191. 
Tetramethyl  o-  and  jS-methylglucosides 

(Irvine  and  Cameron),  T.,  901;  P., 

191. 
3:4:5:6-Tetraphenyldihydro-l:2-diazine 

(Japp    and     Wood),    T.,    711  ;    P., 

154. 
Tetraphenylenefuran  (Japp  and  Knox), 

T.,  684. 
Tetrathiazoles,    2-imino-    (Young    and 

Crookes),  p.,  307. 
Tetrazoline,  action  of  aldehydes,  methyl 

iodide,     and      platinic     cliloride     on 

(Ruhemann    and     Merkiman),    T., 

1768;    P.,  257. 
Thermochemistry  :— 

Thermostats,  design  for  gas-regulators 
for  (Lowry),  T.,  10.30  ;  P.,  181. 

Specific   heat,  relation  of,   to  atomic 
weight  in  elements  and  compounds 
(Tilden),  T.,  651  ;  P.,  104. 
Thiazoles,      2-amino-      (Young      and 

Crookes),  P.,  307. 
Thiocarbimides       including       carboxy- 

aromatic  groups  (Doran  and  Dixon), 

T.,  331  ;  P.,  77. 
Toluene,   latent  heat  of  evaporation  of 
(Brown),  T.,  267;   P.,  75. 

action  of  chlorine  on  boiling  (Cohen, 
Dawson,  and  Crosland),  T.,  1034  ; 
P.,  211. 
2)-Tolueneazophenol,  o-  and  w-nitro-,  and 

the  acetyl  compound  of  the  ?«-nitro- 

(Hewitt  and    Mitchell),  T.,   231  ; 

P.,  61. 
Toluene-jo-sulphonalkylamides    and    2- 

nitro-  (Chaitaway),  T.,  159. 
Toluene-o-  and  -/^-sulphon-halogen-  and 

-alkylhalogen-amides     and     2-nitro- 

derivatives      of      the      ^(-compounds 

(Chattaway),  T.,  151  ;  P.,  7. 
Toluene-^'-sulphonylaminobenzeneazo- 

)3-naphthol    (Morgan    and   Mickle- 

thavait),  T.,  1305. 
Toluene-jo-sulphonyl-j!>-nitroaniline 

(Morgan    and    Micklethwait),  P., 

1303. 
Toluene-jj-sulphonyl-ju-phenylenedi- 

amine  and  its  diazotisation  (Morgan 

and   Micklethwait),  T.,   1303;   P., 

222. 
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0  Toluidine,  influence  of  temperature  on 
the  action  of  acetyl  thiocyanate  on 
(DoRAN  and  Dixon),  T.,  338  ;  P., 
77. 
4-nitro-,  bromination  of  (Morgan  and 
Clayton),  T.,  951. 
jp-Toluidine,  freezing  points  of  mixtures 
of,  with  the  dihydric  phenols  (Philip 
and, Smith),  T.,  1735;  P.,  255. 
Tolyl  methyl   ethers,   o-,    m-,    and  p-, 
dielectric   constants    of,    dissolved    in 
benzene    and    7)i -xylene  (Philip  and 
Haynes),  T.,  1002;  P.,  200. 
o-Tolyldimethylcarbinol       (Kay       and 

Perkix),  T.,  1071. 
m-Tolyldimethylcarbinol   (Perkin  and 

Taitersall),  T.,  1090. 
^-Tolyldimethylcarbinol  and  its  phenyl- 
urethane  (Perkin  and  Pickles),  T., 
652. 
2:4-Tolylenediainine  and  its  acyl  deriva- 
tives  and    5-bromo-  (Morgan  and 
Clayton),  T.,  949. 
5-nitro-,  azo-derivatives  of  (Morgan 
and  Wootton),  T.,  940  ;  P.,  179. 
Tolylenedimethyldiamine.         See     Di- 

methyltolyIene<liamine. 
o-Tolylglycinoacetic    acid,   preparation 

of  (de  Moi'ilpied),  T.,  440  ;  P.,  63. 
^-Tolylhydrizinoaminomethylenecarb- 
oxylic   acid,  ethyl    ester,  and  amide 
(Bowack  and  Lapvforth),  T.  ,  1865. 
^^Tolylhydrizinohalogenmethylenecarb- 
oxylic  acids,  ethyl    esters    (Bowack 
and  Lapworth),  T.,  1863. 
Tridecyl   cyanide,  o-hydroxy-.  and   its 

hydrolysis  (Le  Sueur),  T.,  1904. 
Tridecylic  acid,  a-bromo-  and  a-hydroxy- 

(Le  Sueur),  T.,  1905. 
Tridecylic  aldehyde  and  its  polymeride, 
oxime,  and  semicarbazone  (Le  Sueur), 
T.,  1903. 
Trimethylcarbinyl    acetate,    trihxomo- 
(Perkin   and    Simonsen),    T.,    857  ; 
P.,  189. 
ojSy-Trimethylcrotonic    acid,    7-cyano-, 
ethyl  ester  (Rogerson  and  Thorpe), 
T.,  1702. 
Trimethylene-.     See  cyc^oPropane-. 
Trimethylenediamine    and     its     N-A.\- 
bronio-  and  -dichloro-derivatives  and 
their  s-diacyl    compounds    (Chatta- 
way),  T.,  388  ;  P.,  61. 
a/87-Trimethylglutacoiiic   acid  and   its 
silver  salt,  anhydiide,  and  ester,  and 
a-cyano-,  ethyl  ester  (Rogerson  and 
Thorpe),  T.,  1702;  P.,  239. 
l:4:5-Trimethylglyoxalineand2-bromo-, 
and  their  additive  salts  (Jowett),  T., 
405;  P.,  116. 
l:l;2-Trimethyk7/c?opentane.      See    Di- 
hydro?'solaurolene. 

LXXXVII. 


3:4:5-Trimethylpyridine,2:6-fZthydroxy-, 

and  its  hydrochloride  and   dibenzoyl 

derivative   (Rogerson  and  Thorpe), 

T.,  1703  ;  P.,  239. 
3:4:6-Triphenyl-l:2-diazine  and  its   di- 

hydro-derivative  (Japp    and    Wood), 

T.,  709  ;  P.,  154. 
Tyrosine,  liberation  of,  during  tryptic 

proteolysis  (Brown  and  Millar),  P., 

286. 
Tryptic  proteolysis,  liberation  of  tyrosine 

during    (Brown    and    Millar),    P., 

286. 


TJreides,  absorption  spectra  of,  in  relation 
to  colour  and  chemical  structure 
(Hartley),  T.,  1796  ;  P.,  166. 

Tlric  acid,  absorption  spectra  of,  in 
relation  to  colour  and  chemical  struc- 
ture (Hartley),  T.,  1796  ;  P.,  166. 


z'A'oValeric  acid,  propyl  ester,  latent  heat 

of  evaporation  of  (Brown),  T.,  269  ; 

P.,  75. 
Vanillidenetetrazoline  (Ruhemann  and 

Merriman),  T.,  1777. 
Velocity    of    hydrolysis.       See    under 

Affinity. 
Veratroylbikhaconine    and     its      salts 

(DuNSTAN  and  Andrews),  T.,  1643; 

P.,  234. 
Viscosity  of  liquid  mixtures  (Dunstan), 

T.,  11. 


W. 


Water,  purification   of,   by  continuous 

fractional  distillation  (Bousfield), 

T.,  740. 
molecular  conductivity  of  (Blackman), 

P.,  237. 
Potable  waters,  estimation  of  organic 

nitrogen  in  (Brown),  T.,  1051  ;  P., 

208. 
Weights,    molecular,    new    method    of 

determining  (Blackman),  T.,  1474  ; 

P.,  228,  304. 
detennination     of,    by     lowering     of 

vapour  pressure  (Perman),  T.,  194  ; 

P.,  23. 
application  of  the  microscopic  method 

of  determining,  to  solvents  of  high 

boiling  point  (Barger  and  Ewins), 

T.,  1756;  P.,  250. 
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Xanthochelidonic     acid,     ethyl     ester, 

molecular   refraction   of  (Hojifkay), 

T.,  1456  ;  P.,  226. 
Xylenes,  o-,  m-,  and  2^-,  latent  heats  of 

evaporation  of  (Brown),T.,  267;  P., 75. 
m-Xylene-4-sulplionyl-i)-aminobenzene- 

azo-)8-naphthol         (Morgan         and 

MiCKLETHWAIT),  T.,    1308. 

??i-Xylene-4-sulplionyl-ju-mtroaiiiIine 
and    -jj-phenylenediamine     and     its 
diazotisation   (Morgan  and  Mickle- 
THWAIT),  T.,  1307;  P.,  222. 


Yeast,  top.    See  Saccharomyccs  eerevisim. 


Zinc  hydroxide,  solubility  of,  in  alkalis 
(MoiR),  P.,  310. 
ammonium     selenate     and    sulphate, 
crystallographic  study  of  (TuxrON), 
T.,  1123:  P..  177. 


ERRATA 

Vol. 

LXXXV  (Tra 

'age 

Line 

86 

7*/ 

jr  ' '  not  very  " 

read  "less." 

99 

10*   , 

,    "0-027" 

,,       "0-0279." 

100 

4*    , 

,    "3-478" 

„       "3-3417." 

101 

3      , 

,     "36-8180" 

,,      "37'1980.' 

101 

4      , 

,    "2-023" 

„       "2-4455." 

101 

5      , 

,    "239-3" 

,,       "259-3." 

104 

6-8      , 

,    "  hydroxylaminedisulphonate  . 

1904). 


solution  into"  read 

' '  sulphate  and. 


1496     12,  15;  17,  18  for  "pyrazole"  read  "pyrazolone.' 


331 
674 

756 

756 

921 

1380 

1918 
1922 
1927 
1932 
1932 


Vol.  LXXXVII  (Trans.,  1905). 

13    for  "either"  read  "the  former." 

11  ,,    " /S-z'sopropylideneacetonebenzil  "   read 

")8-zsopropylideneanhydracetonebenzil. 

12  ,,    "  ester  "  rcacZ  "  salt. " 

13  ,,    "hydrolysing"  rm(i  "decomposing  it." 
11       ,,    "  Monoacetylated"  laadi  "  Monoacylatcd." 

18-19       ,,    "values  for  the  resulting  barium  salts"  rta^ 

"  values  for  the  rotation  of  the  resulting  barium  salts. 
10*     ,,    "tervalent"  ?-earf  "quadrivalent." 
13*     ,,    "1904"reaf^  "1924." 
13*     ,,    "1915"     ,,     "1928." 
22       ,,    "dye — hydrosulphide"  reac^  "  dye-hydrosulphide." 


4*  before  "coagulum"  add  "alcohol  extracted." 


*  From  bottom. 
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